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APPLE-MOSAIC IN NEW ZEALAND 

By J. D. Atktnson and E. 1*.. CiiAMBjiRLAiN, Plant Diseases Division, 
Department of Scientific and Industrial Research 

(Rerfkrd for publication, 23rd January, 1948) 

Summary 

A cream and yellow moltliriR of apple foHafi:e has l)0en present in 
New Zealand for many years. This condition appears to be the same as 
that known in other countries as apple*mosaic, the causal virus of which 
has been listed by Smith (1937) as Pyrus virus 2. Infected trees have 
been obser\ed in all main apple growing areas, and in several outlying 
orchards. The disease has been seen in 39 varieties and 3 stocks. Mosaic 
symptoms developed on 26 of 36 healthy apple seedlings budded with 
infected wood. 


Applk growers in New Zealand have known a form of yellow mottling 
in Jonathan foliage for many years. As this appeared to cause no injury 
to trees little attention was paid to it, and some growers came to regard 
it as a varietal characteristic, l^xperiments carried out over the past 
two years have shown that this mottling is of virus origin and is 
apparently identical wdth apple-mosaic. 

Symptoms 

Infected apple leaves show many forms of mottling, the most 
common being a number of small irregular creamy or yellow spots that 
stand out conspicuously against the dark green of normal leaf tissue* 
These spots do not occur in any regular pattern, and any number from 
one to several hundreds may be present on a single leaf (Figs, i and 
2). Sometimes sj^ts are so numerous that parts of the leaf appear 
complete!)^ chlorotic. * Where chlorosis involves a considerable area of 
the leaf it is common to find necrosis taking place as the season advances. 
Mote rarely bands of chlorotic tissue develop along some of the larger 
veins (Fig. 3). In other cases mottling may take the form of a light 
ami dark green mosaic (Fig. 4), or of large vaguely defined patches of 
yellowish white tissue (Fig, S). One or adl of these symptoms may be 
present on a jingle tree, or even on a single branch. All leaves on a 
shoot may show symptoms, though it is more usual to find a few 
mottled leaves among apparently normal ones. 
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hii 1 

Spaisc on lonathan leaf iiitcctcd with applt-mo^aic 

(X -) ‘‘iioto L H Wujrlii 

hio 2 

A se\cie case tif the spotted torni of apple-mosaic on a ]onathan leal 

(X ') l*lioto K 1 IIhkIks 

Fk. 3 

Bands of chlototic tissue along \eins accompanied h\ iiiegnlat spottmt; 
on a leaf of CioJden Delicious 

(X ‘) I H V\n^,ht 

Fii 4 

Mosaic pattern jiiodiiced by apple mosaic on (johkn Dt he ions 

(X i) IMioto I H Wnuht 



Fig S 

Extensive cbloiosis produced by apple-mosaic on artificially inoculated 
Jonathan seedlings 

(Natural Size) I'lioto L U Wninht 


In commercial orchards, synijitoms are often pronounced on Golden 
Delicious and Jonathan, it being common to find over half the leaves 
pn infected trees of these varieties showing mottling On other 
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varieties, symptoms may be scattered over the Iret*, but it is more usual 
to find only a few sjmrs showing mottled leaves. iMeld observations 
suggest that trees showing sevtTc symptoms are less vigorous than 
health)" trees. No fruit symptoms have been observed. Infection has 
been seen on the following ajiple varieties: — Apple of C'ommerce, 
Afriston, Kallarat, Beauty of Bath, C^harles Ross, Cox's Orange Pippin, 
Delicious, Dougherty, Dunn's I'avourite, l^lsie (irant, Ciiant Jeniton, 
(ilengyle Red, Golden Delicious, (iranny Smith, Ciravenslein, Jonathan, 
Laxton's IVarmain, Paxton’s Pioneer, Paxton’s Royalty, Pord Derby, 
Pord Painbourne, l.ord Wolselv, Newton Wonder, Oratia P»eauty, 
I'arlain’s Beauty, Rival, Rokewood, Russet (type unknown), Scarlet 
Nonpareil, Scarlet Pearmain, Scarlet Queen, Shorland Queen, St. 
l^verard. Statesman, Stunner Pippin, Symonds Winter, Willie Sharp, 
Worcester IVarmain, ^'ates, and the Mailing Stocks Nos. IX, XII and 
XVP 


I X(T1)LNCK 

Aiiple-mosaie has been found in the five main a])])le growing aia‘as, 
namely Auckland, Ilavvkes Bay, N(‘lson, Canterbury and Central Otago. 
In addition it has been found in Auckland IVovince at Te liana. Te 
Puke, Tinopai, Tuakati and Warkworth, and in Wellington Province 
at l-evin, and Ma.sterton. A rletailed survey was made in one Nel.son 
orchard where every tree of 80 mature jorntthans was found to show 
.some degree of infection. In three blocks of Dougherty and six of 
liranny Smith examined near Auckland, Ix'tvveen 00 ])er cent, and 80 
per cent, of the trees wen* found to 1 h‘ infected, but very f(‘W leaves 
per tree .showed mottling. In three blocks of (lolden Delicious all trees 
examined showed mosaic, the percentage of leaves affected being liigh. 
Nr) detailed examinations have been made in other di.stricts. In I wo 
small blocks of Jonathan each of which was raised from clonal buds, 
every tree showed infection; but the number of leaves showing mottling, 
and the severity of .symptoms varied widely between trer^s. 


Tablk L I'ransmission ok Apple-mosaic krom .Apple to Applts nv Budding 
Budding wa.s carried out on 15 '3/46. Kecords taken on 25/11/46. 


Budwood Soun e , 

I 

. I 

Granny Smith I 

I 

Jonatlian 

State.sman 

<ioklen Delicious 

Ballarat 

Elsie Grant 


'I'ype of Seedling 
Inoculated. 

Granny Smith 
Jonatluin 
Granny Smith 
Jonathan 
Jonathan 
Stunner Pippin 
Granny Smith 
Jonathan 
Sturm or Pippin 
(iranny Smith 
Jonathan 
Sturmer Pippin 
(iranny Smith 
Jonathan 
vSturnier Pippin 
(iranny Smith 


No. of Seedlings 
Budded. 

4 

4 

5 
8 
I 
1 
1 
I 
I 
1 
1 
1 
1 
1 

1 


No. of .Seedlings 
Infei'ted. 

2 

2 

5 

7 

I 

1 

1 

I 




38 untreated check sectdling.s all remaincHl healthy. 
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Transmission 

Seeds collected from Jonathan, Stunner, Pippin and Granny Smith 
apples were grown in pots under glass during the 1945-46 season. Seed- 
lings grew well and remained free from virus. Budwood was collected 
from infected trees in the field, only those shoots showing pronounced 
symptoms being selected. Buds from these were inserted into healthy 
see<llings in March, 1946, and pots then moved outside. Earh in the 
following spring seedlings were set out in nursery rows, but stocks 
were not cut back Symptoms became \ isible on both scions and seedling 
stocks wdthin six weeks from the commencement of spring growth. 
Results are set out in Table 1. 

At budding some seedlings were smaller in diameter than the bud- 
wood. As a result only 19 of the 36 buds grew, but despite this 26 of 
the seedlings devel()[)ed mosaic symptoms. Thirty-eight check seedlings 
in an adjacent row remained healthy Symjitoms which developed on 
seedling slocks were variable, but it was not pos^-ible 1o correlate type 
of symptom with source of inoculum or with seedling employed. In 
many cases se\eral types of symptom appeared on the one seedling. 
Results suggest that leaf mottling in the five scion varieties was caused 
by the same virus 

1)is(is.sioN AM) Conclusion 

Vibert working in France in 1863 is reported to ha\e obsirved 
perpelualion of variegation on apple foliage by budding, and to h»i\i‘ 
noticed its spread to leaves of the stock (Bradford and Jole}, 1933) At 
that date, infectious viruses were not recognized as such, and the earliest 
record of transmission of apple-mosaic as a specific disease appe<irs to 
be that of Orion and Wood (1924). Since then the transmission of 
apple-mosaic by budding or grafting has been reported from Michigan 
(Bradford and joley, 1933), California (Thomas, 1937), Bulgaria 
(Christoff, 1934), No\«i Scotia (Hockey, 1943), South Africa ( Louw, 
1944), and England ("Wallace ct al , 1944). bVom descriptions and 
figures published it is probable that all were dealing with the same 
^irus Christoff (1934) claimed that apple-mosaic was transmissible 
fi’om apples to pears and rose haws. 1'homas ( 1937) by budding, graft- 
ing or inarching obtained transmission from apples to C otoncastcr 
harroviaftua, loquat ifiriohotrya japomca), Fhotinia arhuti folia, and 
Sorhtis pallcsccns 'Fhe authors cited have between them recorded 
mosaic in 17 named apple varieties Smith (1937) classified apple- 
mosaic as Pyrns virus 2. 

Both in symptoms and ease of transmission by budding the New 
Zealand virus agrees closely with descriptions of apple-mosaic (Pyrus 
virus 2) 
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TOMATO-SPECK OF TOMATO 

By W. D. Reid, Plant Diseases Division, Department of 
Scientific and Industrial Research 

(Received for publication, 31$t March, 1948) 


Summary 

Tomato-speck, a bacterial disease of tomato, is recorded in Zealand. 

'riic disease on fruits is characterised by small (1 mm.) dark brown pustules 
surrounded by a narrow circular light halo. On leaves, lesions are usually 
numerous and are small (1 to 2 mm.) dark brown to black dry spots surroun- 
ded by a yellow zone. Infected plants are light in colour, stunted and un- 
healthy in appearance. 

'I'he morphology and the cultural characters of the causal organism are 
described. 'I'liey agree with those given for Pseudomonas punctulnns (Hryan) 

Dow son . 

Tomato-speck is a bacterial disease of tomato caused by Pseudomonas 
pnnciulans (Bryan) Dowson (Dowson, 1943). The disease was first found 
in New Zealand in 1944 at Hastings, where it was causing serious stunting 
of Tatura dwarf variety in a field crop. The crop was raised from 
imported seed and young plants in seedling boxes showed extensive 
leaf infection. The disease has not become widespread in this country 
but is of economic importance in the United States of America and in 
Canada (Conners, 1942). It has also been reported from Formosa 
(Okabe, 1933) and Australia (Fish, 1939). 

Symptoms 

The name tomato-speck (Bryan, 1933) was derived from the symp- 
toms on fruits. Lesions are very small, dark, round pustult^s, rarely 
more than 1 mm. in diameter and appear on the fruit surface as .specks 
surrounded by a white halo (Figs. 1 and 2). They do not penetrate 
deeply into the fle.sh. 

On leaves lesions are at first dark water-soaked spots. Later they 
become dark brown, almost black, and irregular in outline but remain 
small, not more than 3 mm. in diameter (Fig. 3). They arc dry and 
rough in appearance and are surrounded by a narrow yellow halo. The 
spots are often crowded on the leaf surfaces giving a yellow appearance 
to affected foliage. Where lesions occur on leaf veins infection pro- 
gresses along the veins forming narrow lesions. Natural stem le.sions 
as de.scribed by Bryan (1933) have not been observed in New Zealand. 

Infected plants in the field are often markedly stunted being less 
than half the height of normal plants. They are unthrifty in appearance 
largely because infected leaves arc yellow to brown in colour and small. 
On fruits the many lesions arc unsightly and render fruits unsuitable 
for marketing. 


Cause of Disease 

Microscopic examination of typical lesions showed the presence of 
abundant bacteria and isolation on beef-peptone-agar regularly gave 
pure cultures of the causal organism. Numerous glasshouse tests in 
1945 and 1946 involving over 50 plants showed that dwarf (Tatura and 
Australian Dwarf) and staked (Vetomold, Potentate and Kondine) varie- 
ties of tomatoes are susceptible to infection. 
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Leaves, stems and fruits of plants were lightly injured by gently 
rubbing the surfaces with a cotton pad or flicking with a sheet of paper. 
The plants were then sprayed through an atomiser with a water sus- 
pension of organisms from beef-peptone-agar slopes and placed in a 
saturated atmosphere for 24 hours. Infection of leaves and fruits was 
first observed after five days as minute, black dots. These slowly 
increased in size to form tyi)ical lesions of the disease. Lesions were 
not formed on stems unless tiiey were more severely injured by pricking 
or scratching. Spraying with inoculum without previous injury pro- 
duced a few lesions on leaves but not on fruits or stems, ('heck plants 
injun‘d and sprayed with water only, failed to produce obvious lesions. 



Fig. 3 

J^caf [.esions following brushing surface and spray inoculation 


Isolation of the causal organism from lesions induced by inoculation 
was readily and repeatedly obtained on beef-peptone-agar. Reinocu- 
lation of tomato plants with cultures so obtained gave typical lesion 
formation. 

The symptoms from field specimens and from glasshouse inocula- 
tions agree with those described by Bryan (1933) for bacterial -speck 
of tomato. 
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Morphology of Causal Organism 

Vegetative cells after two daj^s growth on beef-peptone-agar exist 
as short rods with rounded ends, singly, in pairs and as short chains. 
They vary in size from 0.5 x 0 .6 ft to 0 .6 x 4 .8 ft for single rods and 
to 0.6 X 16 ft for chains. Single rods average 0.5 x 1 .6 ft. The 
organism is gram negative (Hucker stain) and is motile by one to three 
polar flagella (Leifson, Gray, Bailey and Morton stains), some rods 
show flagella with definite side origin. 

Cultural Characteristics* 

Beef-peptone-agar plate colonies : Growth at 26®c. slow, circular, smooth, convex, 
undulate edge, greyish -white. Beef-peptone-agar slant : Moderate growth, convex 
to raised, filiform, glistening, grey, smooth, translucent, butyrous, no odour. Gelatine 
colonies : Punctiform, round to convex, undulate, smooth. Nutrient-gelatine stab . 
Slow crateriform liquefaction after 3 days. Plain-gelatine-stab : Slow crateriform 
liquefaction after 3 days. Nutrient-broth and Tryptophane broth : Moderate clouding 
in 4 days, flocculent surface growth, finely granular sediment. Purple-milk : Al- 
kaline in 4 to 13 days, later acid, firm curd in 33 days, no whey. Potato-slice : In 

9 days growth moderate, light brown , moist, smooth, potato grey. Nitrates Strong 
nitrite production in 20 days in nitrate-broth ; weak in agar media. Indole : Not 
formed. Hydrogen sulphide : Not formed. Starch: Not hydrolysed. Ammonia' 
Not formed in 20 days in broth or agar media. Synthetic-carbohydrate inedia : No 
gas in any medium i acid in arabinose, gluco.se, fructose, sucrose, glycerol and man- 
nitol in 14 days ; acid in lactose and maltose in 34 days but no change in 20 days and 
slight change in 30 days ; no acid in 34 days in Rhamnose, raifinose, melizitose, starch, 
inulin, dextrin, glycogen and .salicin. M.B. test. Positive. T P. test Negative 

The morphological, cultural and physiological characteristics of the 
casual organism agree with those of Bacterium punctulans Bryan (1933), 
except that the New Zealand organism has not shown ammonia pro- 
duction. Bacterium punctulans is listed by Bergey (1939) as a probable 
synonym of Phytomonas tomato (Okabe) Magrou. More recently Dowson 
(1943) has classified this organism as Pseudomonas punctulans (Bryan) 
Dowson. The organism under discussion produced only a slight colour 
change in lactose and maltose in 30 days with a definite acid reaction 
in 34 days. Dowson (1939) in defining the genus Pseudomonas states 
that “ none produce acid in lactose, maltose and salicin " basing his 
conclusions on tests which did not exceed four weeks. 
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* Difeo media used where applicable and methods those suggested by 
“ Manual of methods for pure culture study of bacteria " of Society of 
American Bacteriologists. 
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CECIDOMYID MIDGES ON MEADOW FOXTAIL AND 
COCKSFOOT IN NEW ZEALAND 


l^y H. Jac ks and W. Cottikk, Plant Diseases Division, Department 
of Scientific and Industrial Research 

{Received for publication, Mb /ipril, 19 IH) 

Summary 

1. The niidfie Stenodiplosis f/eniculati Rent was reared from meadow 
fox lad {Alopvcurus praiensis L. ) seed-heads and S. (fenicniati Kent. var. 
daetylidis' J3arncs from cocksfoot (Dactylis glomerata L.) seed-heads 
collected in the provinces, Auckland, Hawke’s Bay, Taranaki, Wellington, 
Otaiio and Southland. In addition the latter \ariety emerged from cocks- 
foot collected in Canlcrhury. No specimens of S. (jenirtilatt were reared 
from cocksfoot. 

2. No specimens of Dasyneura alopeiuri Kent, were collected during 
the surxey and it is concluded that if this is j>resent, it must he single- 
hrooded as in Kngland. 

d. tolour.s of both sexes of Sienodiplosis ncmciihiti Keul. xar. din- 
tylidis liarnes are described. 

4. In a preliminary survey, no midges were found in seed-heads of 
l.s other species of (iramineae. 


J NTROnrCTION 

Dl'KiNi. .seasoiLs 1937 and 1938 it was found that a Cccidomyid midge 
was breeding in cocksfoot { Dactylis ylomcrata L.) seed-heads in Can- 
terbury. Specimens were sent to Dr. l^arnes of Rothamsted F,xi>eri- 
niental Station, ICngland, who stated that in his opinion the insects 
were a hitherto undescribed variety of Stenodif^losis gcniculati Reut. 
and he described the variety under the name daetylidis (Barnes, 1940). 
'rhe .same author (Barnes, 1931) had previously stated that specimens 
of S. gcuicnlati, reared from meadow foxtail [Alopccurus pratensis L.) 
in New Zealand were in the collection of Dr. IC. P. Felt at the Stale 
Museum, Albany, N.Y., C.S.A. However, this fact was not adequately 
appreciated in New- Zealand, it being generally considered that the 
Cccidomyid species on meadow^ foxtail here was Dasyneura alopccuri 
Reut. as re])orted by Cockayne ( 1916). In order to confirm the presence 
(jf Sienodiplosis gcniciilaii, a .survey on meadow^ foxtail was begun in 

1938- 39. Results of that .season’s survey have been reported by Barnes 
(1940), who identified all .specimens reared as gcniculati He also 
mentioned he thought it likely that the species was present in New' 
Zealand in 1916 and that possibly Cockayne (loc. cit.) w-as unknowinglv 
dealing with the eflfects of both S. gcniculati and Dasyneura alopccuri. 
The survey on meadow foxtail was continued in 1939-40 and extended 
in that sea.son to include cocksfoot in order that the incidence of the 
variety daetylidis in the Dominion could be determined; a preliminar}' 
search for midges on other gfa.sses W’as also carried out. It is the 
purpose of the present paper to record and discuss results obtained in 

1939- 40. 
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Meadow I'oxtail and Coc ksfooi', 1939-40 
Material and Methods 

During thiss st^ason, through the courtesy of the Inelds Division of 
the Department of Agriculture, seed-heads of these grasses were sent 
to Auckland from many parts of New Zealand. Meadow foxtail was 
collected from November to h’ebruary and cocksfoot from December to 
March. Altogether a total of 48 samples of meadow foxtail and 52 of 
cocksfoot were received. The localities in which these were taken were: 


Province. 


Meadow Foxtail. 


Cocksfoot 


Auckland 


Hawke's Hav 


Taranaki 

Wellington 


Auckland City, Dargaville, 
Tauranga, Te Kuiti, 
Warkworth, Whakdtane 


Auckland City, 
Wark worth, 
Wliakatane 


Dannevirke, Hastings, 
Takapuna, Waipukurau 


Dannevirke 

Hastings 


New Plymouth, Stratford 


New Plvniouth 


Palmerston North, Wanganui. 


Palineiston Noith, 
Wanganui 


Canterliury 

Otago 

Southland 


Dunedin, Kanfurlv 
Invercargill, Otatara 


Ash bill ton, 
ChrisU lunch 

I DaUluthti 

I In venal gill 

I 


Fifty seed-heads were selected at random from (‘aih sample and 
each lot of SO was placed in a separate (|uart glass preserving jar, the 
mouth of which was covered with muslin. These were kept under 
observation in the laboratory for 60 days, lunergence began a few^ <lays 
after receipt of samples and from then onwards midges were counti‘d 
and removed daily. 

Tabi k I Mean Numbers of Mioges Emerged Psk Sked-iiead 
OF Meadow Foxtail and ('ocKstoor 


Grass and 

Nov. 

Dec. 

Jan 

Feb 

Mar 1 otals 

Provinces 






Meadow Foxtail 





1 

Auckland 

65.6* (7) 

14.0 (3) 

1 .0 (3) 


80.6 (13) 

Hawke’s Bay 

16.8 (4) 

12.0 (5) 



1 28.8(9) 

Taranaki 

0.0 (1) 

3,1 (1) 


- 

‘ 3.1 (2) 

Wellington 

21.5 (4) 

0.5 (1) 

0.3 (2) 

- 

, 22.3(7) 

Otago 

0.0 (3) 

9.8 (4) 

0.8(4) 


10.6(11) 

Southland 

0.1 (2) 

1.3(1) 

0.2 (2) 

0,5(1) 

‘ 2.1(6) 

Cocksfoot 





1 

Auckland 

— 

47.1 (2) 

36.9 (11) 

114.8(9) 

101.1 (2) 299.9(24) 

Hawke's Bay 

— 

71 .3 (5) 

0.0 (1) 

— 

71.3(6) 

Taranaki 

_ - 

63.7 (2) 

0.7 (1) 

0.0 (2) 

- , 64.4(5) 

Wellington 

_ . 

29.9 (2) 

4.7 (3) 

0.4 

35.0 (5) 

Canterbury 

- * 

0.7 (2) 

2.8 (5) 

0.0 (2) 

' 4.5(9) 

Otago 


1.0 (1) 

. 

— 

- 1 1.0(1) 

Southland 

' — ’ 

0.0 (1) 

— 

1.7 (1) 

- 1 1-7(2) 


Figures in brackets show numbers of .samples received. 
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Meadow Foxtail and Cocksfoot in 
New Zealand 

Results 

These are summarized in Table I where they are expressed as mean 
numbers of midges that emerged per seed-head. Localities of collection 
have been grouped into provinces, the figures in brackets showing the 
number of samples received per month from each province. A dash 
( — ) shows that no samples from the province in question were received 
during the month. 

Discussion 

It is clear that midges are distributed throughout the country, as 
some emerged from both meadow^ foxtail and cocksfoot in every locality 
sampled. 

In the case of meadow foxtail, greatest numbers of midges per 
seed-head emerged from material collected in the Auckland Province. 
In the North Island, excluding the two Taranaki sani])les, midges 
emerged from this grass more abundantly during November than in 
any other month anil they became ])rogressively fewer up to February. 
Suitable seed-heads of meadow foxtail w^re becoming difficult to secure 
in the.se localities by mid-January because of dropping of seed and were 
unprocurable in I'ebruary. In the South Island, indications were that 
maximum emergence was later than in the North, as this occurred in 
Otago and Southland in December. Total mean tMuergence ])er seed- 
head was also less in these provinces than in the north. 

In the case of cocksfoot, emergence over the i)eriod December to 
March was also greatest in Auckland. In this ])rovincc, however, many 
of the collections were made from small stands of cocksfoot about the 
city and may not indicate the true position in farming areas. Infestation 
in the North Island was considerable during DecembtT and, with the 
exception of Auckland, became less in the succeeding months. As with 
the meadow foxtail t(;tal, mean emergence of midges per seed-head was 
le.ss in the South Island than in the North Island provinces. 

In view of the statements of Cockayne (loc. cit.) and Miller (1918) 
that the midge on meadow foxtail had a serious effect on seed produc- 
tion, sometimes destroying as much as 70 per cent, of the crop, it would 
seem probable from the figures in Table 1 that the cocksfoot midge is 
equally destructive to the seed of its host. 

Identity of Mhxies 

All collections of midges from meadow foxtail and cocksfoot wen* 
carefully examined for identification of species. In view of the state- 
ment of Barnes (1940 and 1946) that Stenodiplosis gcmculati occurs on 
cocksfoot in England and Ireland, and that he had bred the species 
through successfully on cocksfoot without any alteration in the char- 
acters of typical meadow foxtail specimens, it was thought that speci- 
mens of S. geniculati might be found among the midges from cocksfoot. 
Itxamination, however, failed to disclose this, all specimens from 
meadow foxtail being S. geniculati and all from cocksfo<^t S. geniculati 
var. dactylidis. 

Dasyneura alopecuri Reut. 

When this survey was originally planned it w^as thought that some 
evidence of the ocairrence of Dasyneura alopecuri might be obtained. 
However, perusal of the life-cycle of this species in luigland shows 
that there it is single-brooded, with a possibility of a second brood in 
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very favourable seasons (Barnes, 1930). The fact that no specimens 
of D. alopecuri were reared from meadow foxtail during the New 
Zealand survey does not mean that the species is absent from the 
Dominion, but it does show that if it is pre.sent as stated by Cockayne 
(loc. cit.) and Miller (loc. cit.), it must be single-brooded as in Eng- 
land. 

Colours of Stcnodiplosis geniculati var. dactylidis 

As no previous record of the colours of this variety in life has been 
published, the following notes concerning them have been made. 

Adult female. — Head and thorax very dusky to black. Antennae and 
eyes black. Halteres dusky, tinged with red. Wing insertions reddish- 
yellow. Wings grey, veins du.sky. Legs dusky, tinged with light yellow. 
Abflomen brick red ornamented with duskv areas; apical two segments 
black. 

Adult male. — Head and thorax du.sky to black. Eyes black. Antennae 
dusky tinged with yellow. Abdomen yellow, dusky at apex. Other 
characters as in female. 

It is interesting to note that the abdomen in the adult female is red. 
In his key for separation of midges attacking cocksfoot, Barnes (1940) 
gave the colour of the abdomen in adults of ^9. geniculati from that 
grass as dull honey-yellow, .so that the variety dactylidis is further 
(listinguished in the adult female by colour. This red colour fades 
rapidly after death. 

Othkk Grassi:.s, 1939-40 

In a preliminary survey for the presence of midges, seed-heads of 
the following grasses were collected in the neighbourhood of Owairaka, 
Auckland. Perennial ryegrass { LoHum perenne 1..), Italian ryegrass 
(Lolhim multi florum Lam.), prairie gra'ss {Bromus catharticus Vahl.). 
sweet vernal { Anthoxanthum odoratum L.), Yorkshire fog {IIolciis 
lanatiis L.), Paspalmn dilatatimi Poir., tall oat grass ( Arrhcnathcrum 
claims (L.), Mert. et Kpeh), oats (Avena sativa 1^.), wheat {Triiicum 
acstivum 1..), tall fescue {Pestitca arundinacea Schreb.), hair grass 
iVulpia dertonensis (All.) Volk), red-top {Agrostis alba L), Bermuda 
grass iCynodon dactylon (L.) Pers.), Kentucky blue-grass (Poa 
pratensis L.) and Chewing’s fescue i Pestuca rubra L. var. fallax 
Hack.). The seed-heads were ke])t in the laboratory under the same 
conditions as were those of meadow foxtail and cocksfoot but no midges 
emerged from any of them. 

Ack no\vlki)(;m knt 
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A PRELIMINARY STUDY OF THE INHERITANCE OF 
GRAIN WEIGHT IN WHEAT 

By S. W. Boyce, Wlicat Research Institute, 
Christchurch, New Zealand* 

[Received for puhlicaiion, 1st September, 1U47) 


Summary 

Inheritance of grain weight has been studied in tliree crosses of Triticum 
durum and one of Triticum vulgare. In one case there is evidence of segre- 
gation of a single recessive gene for high grain weight. In the remaining 
crosses, high grain weight is either completely or partially dominant, dif- 
ferences being determined by two or three major genes. Secondary effects 
of genes controlling other components of yicdd probably also contribute to 
differences in grain weiglit. 


Introduction 

Thk following study of inheritance of grain weight in wheat was under- 
taken in an attempt to measure single gene effects and to estimate 
numbers of genes segregating in different crosses. 

It was first necessary to study the nature of dominance deviations. f 
At one time it was assumed that dominance did not occur in quantitative 
characters but it has now been demonstrated effectively in numerous 
cases, though it is not always present. Sax (1923) demonstrated absence 
of dominance in Phaseoliis crosses for seed size and Wexelsen (1933) 
obtained evidence of dominance in opposite directions in barley. We 
.still see occasional references to the general ab.sence of dominance in 
quantitative characters, e.g., Richey (194v5) in developing a method for 
augintmting vigour in inbred lines of corn, makes the absence of domi- 
nance in quantitative characters one of his basic assumptions ; he 
considers that genes for vigour which display dominance are distinct 
from genes controlling cjuantitative characters in general, which, ac- 
cording to his theory do not displa}^ dominance. Since vigour is measu- 
red quantitatively it is very doubtful whether such a distinction between 
the two types of gene can be drawn. The present studies being made 
on yield in wheat may lead to further knowledge of such dominance 
relatioiTships. 

Estimates of the numbers of genes controlling kernel weight in wheat 
have already been published by Ja.snowski (1934, 1935), who obtained 
evidence of three gene differences between certain lines. On the other 
hand, Worzella (1942) states that kemal weight is multigenic. In the 
following experiments it appears that one to three major genes are 
segregating, but the possibility of secondary minor gene differences 
is not disproved. 


* Now liotany Division, Department of Scientific and Inclustnal Kesearch, 
Wellington, New Zealand. 

t The expres.sion " dominance deviations refers in this paper to deviation^ 
of the phenotypic values of heterozygotes from the arithmetic mean of the 
two corresponding homozygotes when gene differences are additive, and 
from the geometric mean when gene differences are geometric. 
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Material and Methods 

Four crosses were studied. The first three were crosses between 
varieties of the 28 chromosome wheat, T. durum. Of these 150 plants of 
the parent lines and 400 plants of the Fj generation were grown in one 
season. A sample bf 100 grains from each plant was weighed, the mean 
weight of 1 grain being cdculated in units of .001 g. The fourth cross 
was made between two varieties of T. vulgare, which has 42 chromosomes; 
of this were grown in one year, about 1,000 plants of each parent, 2(K) 
plants, 400 Fg plants and over 5,000 Fg plants. In this case all grains 
of each plant were counted and weighed, the mean weight of one grain 
being again estimated in units of .001 g. 

Analysis of Results 

The distribution of grain weight was first plotted for a few parent 
lines using a class interval of 1 unit. From the standard deviation 
of these preliminary distributions, a corrected class interval was 
obtained (Sinnott and Dunn, 1932). 

T. durum : 

Of line E252' the standard deviation was 5.43, approximately J of 
which, or 2 units, was chosen as class interval. Since it was apparent 
that the genetic differences were fairly sim))le this value was later doubled 
to 4 units for greater ease in handling data. 

T. vulgare : 

In 1942 four pure lines were given a preliminary analysis : 

S 1884 standard deviation 5.77 units 

S 1612 „ „ 4.58 „ 

S 1556 „ „ 3.10 .. 

S 357 » „ „ 3.20 

Average of standard deviations 4.16 

A class interval of 1.5 units was therefore chosen for use in 1942, 
weight having been recorded to three figures which allowed tins sub- 
division of classes. In the following year, owing to adverse field con- 
ditions, the parents were more variable, the standard deviation of S 357 
being 5.92, and that of S 1556, 3.99. The class interval was therefore 
increased to 2 units, which was approximately of the range of each 
of the above lines. 

It should be stres.sed here that the choice of class interval is in any 
case rather arbitrary, and in some cases may have to exceed the statisti- 
cally ideal standard of J to J of the standard deviation, considerations 
such as ease of handling data determining a larger class interval. 

The preliminary investigations of pure lines showed firstly, a general 
difference between the range of the two species, (Fig. 1), indicating 
one major type of genetic difference which we shall discuss later. 
Secondly, within each species there are again distinct differences in 
both means and variances though some lines are almost identical. 
Finally, within pure lines were found large seasonal differences ; Fig. 2 
illustrates the difference between four plots of one line, S 357, grown 
rin two different positions in each of two years. The major difference 
Ipre is that between years and it illustrates the importance of elimi- 
^ting seasonal differences from quantitative studies wherever possible. 
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U/at^i o£ tn antis ai 


I'Ki, I Flantwise distributions of graiinveight of three T oul^iatc and 
three T duntm wheats. 


Analysis of Segrkgatiox 

T. durum crosscii. 

The grain weights of Pj, Pg and Fg sliown in l able I, the lower 
weight parent being P^ in each case. 

Table I. T. durum Crosses ; Means of P,, P2 and Fg for Three Crosses 


Cross. Cirain Weight. 

Pi P 2 f7' 

1 57.6 ± .47 66.2 ± .52 61.3 ± .42 

2 58.6 ± .60 67.6 ± .46 64.9 ± .42 

3 62.1 ± .35 69.4 ± .54 67.6 ^ .35 


455 

S 


•« 



Fig. 2. -('omparison of 1942 and 1943 grain weight distributions, within and between plot; 

Cross i. E129 (Valencia) x E217 (Portugal). 

The Fg mean approaches Pj and the first assumption is made that 
a single gene, dominant for low grain weight, is segregating. 

Assuming that a single dominant gene is segregating one would 
have an Fg composed of P^ and Pg types in the proportion of 3Pj : IPg. 
Since there are 397 individuals in the Fg population we should expect 
297.75?! : 99.25P2. The 297.75Pi plants should be distributed about 
the mean (57.6) in much the same manner as in the pure line apart from 
a certain additional error variance which is to be expected from the 
mixing of P^ and Pg types in the Fg. Since there were 149 plants in 
the pure line, we may construct a theoretical distribution by multi- 

297 75 

plying each class of the actual distribution by ' Similarly the 

il^oretical distribution of P, types in the F. will be obtained from the 

99 25 

Pg multiplied by 
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Table II. Comparison of Actual and Theoretical Fg Distributions, 
Assuming a 3 : 1 Segregation (Class 46 Includes all Values Below 
AND Up To 46 ; Class 74 Includes all Values from 74 Upwards) 


Class value. 
Distribution of : 

46 

50 

54 

58 

62 

66 

70 

74 

T 

297.75 

17.98 

21.98 

65.94 

97.92 

61 .95 

21.98 

9.99 


297.74 

140 


00.25 

Artiinl P, X 

1.51 

1.97 

3.29 

.66 

5.92 

19.72 

23.66 

30.24 

13.81 

99.27 

Theoretical Fg 
Actual Fg 

19.95 

20 

25.27 

19 

66.60 

45 

103.84 
94 ; 

81.67 

86 

45.64 

56 

40.23 

44 

13.81 

33 

397.01 

397 

Difference 

jr® 

.05 

.00 

1 

6.27 

1.56 

21.60 

7.01 

9.84 

.93 

4.33 

.23 

10.36 

2.35 

3.77 

.35 

19.19 

26.67 

.01 

39.10 

P<.01 


The theoretical Fg* obtained by assuming these two aistriDutions, is 
shown in the third line of Table 11. The next line of this table gives 
the actual Fg distribution and below this is shown the value for each 
class. The total value is 39.10 which indicates more than random 
difference between the two populations. The source of this deviation 
is shown quite well in Fig. 3a, where the actual Fg curve lies above the 
theoretical curve througliout the whole range. This can be corrected 
by postulating partial, but almost complete dominance so that instead 
of 3Pj : IPg we have IPj : 2** Fj” : IPg. Now there is no Fj curve 
for comparison but a hypothetical curve has been constructed by in- 
creasing the mean of Pj to 59.6 (Table III). The result is shown in 
Mg. 3b, jTg is now not significant, and the two curves agree very closely. 


Table III. Comparison of Actual and Theoretical Fg Distributions, 
Assuming a 1 : 2 : 1 Segregation, the Fj Showing Partial Dominance 
(Class 46 Includes all Values Below and Up To 46 ; Class 74 
Includes all Values from 74 Upwards) 



~~ 

_ 

— 

— 

— 

— 

— 


Class valiu\ 

46 

50 

54 

58 

62 

66 

70 

74 

DLstribution of . 










!M).2:> 





20.65 




Actual J», ■ — 

5.99 

7.33 

21.98 

32.64 

7.33 

3.33 


140 

108 . r>o* 

.\ctual P, ^ 

8.65 

10.66 

29.31 

54. B2 

53.29 

27.98 

10.66 

3.33 

140 









00.27 

Aftiml P, 

1.97 

3.29 

.66 

5.92 

19.72 

23.66 

;«).24 

13.81 

151 









— — 





- ' 

— 


— , 


Theoretical Fg 

16.61 

21.28 

51.95 

93.18 

93.66 

58.97 

44.23 

17.14 

Actual Fg 

20 

19 

45 

94 

86 

56 

44 

33 

Difference 

3.39 

2.28 1 

6.95 

.82 

7.66 

2.97 

.23 

15.86 


.69 

.24 

.93 

.01 



.63 

,15 

.00 

14.68 

_ . ' 


r 

99.25 


198.50 


99.27 


397.02 

397 

.02 
17.33 
P .015 


• Whole Pi distribution has been moved up half a class interval thus in- 
creasing the mean of the theoretical Fj to 59.6 as compared with 57.5 

in the previous case. 
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Fig 3 -Conipdnson of theoretical and actual F 2 distributions 
T durum cross 1 

(a) 3Pi IP 2 (b) U>, 2Fi IP 2 

(c) 9P\ 6 intermediate IP 2 

( I ) calculated over whole lange 

( II ) A* calculated fiom 46 to 74 inclusive 


It Will be asked, would not equally close agreement be obtained 
by constructing theoretical curves foi two or more genes ^ Foi two 
genes, assuming that the parent types are the extremes we have 9P, B 
Intermediate : IPj (Fig. 3c). The intermediate is necessarily quite 
hypothetical and has been obtained by moving the P, distribution up to 
an intermediate mean value Agreement as shown in Fig 5 is not as good 
as for the simpler assumption, which can be accepted in so far as it is 
not disproved. 



Fig. 4 -Comparison of theoretical and actual F 2 distiibutions, 
T. durum cross 2 

(a) IPi SP*. (b) 7Pi • SP*. 

( 1 ) A?* calctdated over whole range. 

(ii) A?* calculated from 46 to 74 inclusive 
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Cross 2. El 56 (Portugal) x E252 (Morocco). 

Since the Fg mean approaches Pg the first assumption is made that 
a single gene dominant for large grain weight is segregating. Fig. 4a 
shows quite clearly that a 1 : 3 segregation is not a satisfactory as- 
sumption ACg having a highly significant value. The error appears 
to be due to exaggeration of the frequency of Pg. An assumption of 
an intermediate F^ value does not appear to be reasonable, since the 
actual Fg tends to be bimodal, indicating a possibility that there are 
two classes. Such a curve would arise if two complementary genes 
were segregating, giving a ratio of 7?^ : 9 P 2 . This distribution has 
therefore been tested and gives good agreement between theoretical 
and actual values (Fig. 4b). 



Fig. 5 — ^Comparison of theoretical and actual Fg distributions, 

T. durum cro.ss 3. 

(a) IPi ; SPg. (b) IPj : : 9 P 2 . 

(i) X* calculated over whole range. 

(ii) x^ calculated from 58 to 78 inclusive. 

Cross 3. El 78 (Portugal) x E263 (Morocco). 

This again gives poor agreement for a 1 ; 3 segregation (Fig. 5a), 
and as it does not show an obvious bimodal distribution, a 1 : 6 ; 9 seg- 
regation for two genes has been tested (Fig. 5b), with quite good results. 
Various assumptions were tested for this cross, none being more satis- 
factory than the 1:6:9 segregation which is tentatively accepted. 

To summarize the 28 chromosome T. durum crosses then, we find that 
in one cross low grain weight was partially dominant, the parents dif- 
fering by one gene. 

In the second cross the parents differed by two complementary genes 
dominant for high grain weight and in the third, high grain weight is 
again dominant, the number of genes being indefinite, but possibly equal 
to two. 

r, vulgare cross. S357 (Crete) x SI 556 (India). 

T. vulgare wheats, as was shown in Fig. 1, tend to have lower grain 
weights than varieties of T. durum even though, according to mathe 
matical expectations the larger number of chromosomes might he 



20 


The N.Z. Journal of Science and Technology (June 


expected to carry a greater number of genes. This specific decrease in 
size is probably due to a complete alteration in the balance and inter- 
action between chromosomes and it would in fact be a waste of time to 
attempt to interpret such a size difference in terms of number of genes. 
Within the species however, it is reasonable to attempt an analysis of 
the number of genes segregating. 



UMtghi of tn of 


Fig. 6, ~r, vulgare cross. Plantwise distnbutions of Pj, P2, F.* 

•with means of Pj, Pg, Fj, Fg, F3 shown by vertical lines. 

Fig. 6 shows the stctual frequency distribution and means of Pj, 
Pg and the F3 generation, with the and Fg means marked. 

From this diagram it is clear that the Fi (46) approaches the higher 
parent (49.4), and this, in conjunction with the lowering of the Fg mean 
to 42.6 and the F3 to 40.8 indicates that the balance of dominance is- 
for high grain weight. The dominance is not complete however, and 
the intermediate nature of the Fj shows that cither all genes segregating 
are only partially dominant, or that some genes are dominant for high 
grain weight and a fewer number are either dominant for low grain weight 
or are non -dominant. Both situations may of course occur simul- 
taneously. 

Considering the Fg and F3 distributions the relative frequency of 
the plants is too low for the hybrid distribution to be explained on a 
single gene basis, but a two gene segregation appears to be fairly 
reasonable. To compare the two assumptions of partial dominance and 
incomplete dominance, the following theoretical distributions have been 
constructed (Fig. 7). 

1. Two genes segregating — both partially dominant, the theoretical 

coinciding with the actual F^. 

2. Three genes segregating — two completely dominant for high 
Igcain weight, md one completely dominant for low grain weight the 
fteoretical Fj coinciding with the actual Fj. 
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Fig. 7. - T. vulgare cross. Comparison of actual Fg distribution 
witli two theoretical Fg distributions. 

Both these assumptions give quite good agreement in the Fg, the 
first being rather more satisfactory than the second. In the however, 
agreement is not very good (Fig. 8a), although it is very much better 
than that expected for a five gene segregation (Fig. 8b). 
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Increasing numbers of genes were tested for each of the two main 
assumptions, but they gave increasingly poor comparisons with the actual 
data. Fig. 8b for example shows the expected Fg distribution for five 
genes, four dominant + and one dominant — , the F^ coinciding with the 
actual Fi, and with geometrically increasing class intervals ; and also for 
five genes three dominant + and two dominant — . 

It should be emphasized here that the apparent one, two or three gene 
segregations may result from the segregation of tightly linked gene 
complexes, and a further programme of repeated crossing might result 
in the breakdown of these complexes (Mather, 1943). 

Discussion 

The experiments described in this paper were of an exploratory nature 
and definite conclusions cannot be drawn. There are clear indications, 
from the nature of the Fg distributions, that a few major genes are seg- 
regating, determining the general shape of the Fg curves. However, 
agreement of theoretical and actual curves is not perfect, and the dis- 
crepancies may be due to the segregation of one to many minor genes. 
In addition, in each cross discussed above, where the segregation of more 
than one gene was postulated, equal effects were assumed for all the genes. 
This gave sufficiently good agreement for the general shape of the Fg and 
Fg curves ; but, apart from the polyploid nature of Triticum, there is 
no evidence in support of the assumption of equal gene difftTences 
(Pease, 1940). Since no more than three genes have been po.stuIat(‘d, it 
is possible that these may occur on chromosomes of common origin, but 
even so, they may no longer exhibit equal effects. Only a long term 
selection programme can decide tlie relative importance of tlie si/e 
differences due to major and minor genes in this material. Minor 
fluctuations are likely, of course, to result from secondary effects of 
major gene differences affecting the development of other components 
of yield ; it is hoped that a more detailed study, now under way, of all 
yield components, willceveal the extent and nature of sueli ap})an'nt 
“ minor gene differences. 
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Triticum vu^are Cross 

A NOTE ON 

HETEROSIS IN A TRITICUM VULGARE CROSS 

By S. W. Boyce, Wheat Research Institute, 

Christchurch, New Zealand* 

{ Received for publication, 1st September, 1947) 

1-. Powers (1944) suggests an expansion of Jones’ theory for the expla- 
nation of heterosis. In studying certain maize crosses, Powers separates 
yield into its components and shows that heterosis in total yield depends 
on the multiplication together of these components which, individually 
may not display any degree of heterosis. A similar situation which 
is at present being studied in wheat is briefly reported here. 

Total yield per plant ( Y) in wheat is determined by the product of 
number of cars per plant (e), number of grains per ear (n) and mean weight 
of one grain (g). In one cross it was found that carried genes for 
high H, and Pg genes for high e and high g, the combining all these 
desirable characters to give positive lieterosis in V. b>om Table T 
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it can be seen that e is the only component of yield wdiich displays 
heterosis, high n and high g being only partially dominant. Since, 
liowever, the Fj value for e is only 12.6 per cent, higher than Pg. while 
the Fi for Y is 32.7 per cent, higher than Pg, it is evident that the re- 
maining 20.1 per cent, increase in yield is due to ng. That is. the multi - 
j^lication of e by two partially dominant components of yield has greatly 
increased the hybrid vigour of the h\. Figs. 1. 2, 3 and 4 illustrate 
the heterosis of e and Y and the partial dominance of n and g. In each 
case the drop in mean from Fj to and to F^ is typical of genes dominant 
for high yield. The extremely skew distribution of the Fj for Y (Fig. 4) 
is due to the positive correlation of yield components and must not be 
confused with skewness due to dominance of genes for low yield. 

Reference 

Powers, L. (1944): An expansion of Jones’ theor\* for the explanation of 
heterosis. American Naturalist, 7S (776), 27vS-80. 


Now Botany Division, Department of Scientific and Indu.stnal Research, 
Wellington, New Zealand. 
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MxmJbct ol CtU‘A ptr piant 

Fig. 1 .- -Frequency distributions of P|. P2, F3 with means of P,, 
P2* Fi, r'2* Fa number of ears per plant. 



Mc&n z%am^xir 0 / grains per ear perptani 

Fig. 2 . — Frequency distributions of P^, Pj, F3 with means of P^, 
P*. Fi, F2, F3 for mean number of grains per ear per plant. 
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Fin. 3. -Frequency distributions o£ Pj, P 2 , Fg with means of Pj, 
Pg, Fj, F 2 , Fg for mean weight of one grain, per plant. 



Fig. 4. — Frequency distributions of P|, P 2 , F 3 with means of P^, 
P 2 , Fj, F 2 , Fg for yield per plant. 
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COBALT, COPPER AND IRON IN THE LIVER IN RELATION 
TO COBALT DEFICIENCY AILMENT. 

* K. J. McNai’ght, Ruakura Animal Research Station, Department 
of Agriculture, Hamilton, New Zealand 

{Heiewed for puhlicatioin, ISth Deiemher, 1947) 

Summary 

(ioocl correlation has been shown between both cobalt concentration and 
total cobalt in the liver and incidence of bush^sickness in the North Island 
Evidence is submitted that the correlation is with cobalt deficiency ailment 
and not with unthriftiness Some low ligun*s have been found for healthy 
animals from marginal deficiency areas 

I'he copper content ot the liver in bush-sickness is much higher than 
in enzootic marasmus and coast disease No gross accumulation of iron in 
the liver is observed in bush- sickness. 

I'he reterenee data reported have been success! ti 11 v used fot several years 
for chemical diagnosis of cobalt dehcienc\ Reference criteria tor the 
interpretation of the anahtical results are given 

INTRODUCTION 

Kari.y analyses of livers from healthy and bush-sick North Island slieep 
(1, 2, 3) indica^ted some correlation between cobalt content and inci- 
deni'e of bush-sickness. As the information from this and other related 
work (4) was not sufficient for diagnostic purposes, a more extensivf* 
survey was undertaken commencing early in 1938. War delayed the 
completion of this work, the combined results of which are presented in 
this paper. In the intervening period further results for cobalt in 
livers of sheej) have been published (5, 6, 7, 8, 9, 10), and these are in 
general agreement with the values here reported. 

Owing to the fact that coast disease “ in South Australia was 
shown to be a combined cobalt and copper deficiency ailment (11, 12), 
while both this disease and enzootic marasmus in Western Australia 
were shown to be accompanied by abnormal accumulation of iron in tlu' 
liver (12, 13), copper and iron were also determined on most samples. 

A detailed investigation of the copper status of sheep and cattle in New 
Zealand has since been made by Cunningham (14). 

.MATERIALS ANALYSED 

Liver samples analysed were from the following groups : 

(a) Healthy animals from districts not affected by typical bush-sickness. 
Through the co-operation of tlie District Superintendents of the Live- 
stock Division of the Department of Agriculture, and the local meat and 
stock inspectors, samples from animals of known history were obtained. 

(b) Healthy treated animals from typical bush-sick '' areas (mostly 
from Mamaku). 

(c) Known “ bush -sick " animals, that is, animals which had been 
grazing on a known deficiency area and which showed symptoms con- 
sistent with cobalt deficiency. 

(d) Animals suffering from ailments other than cobalt deficiency (i) 
facial eczema (ii) enzootic icterus or toxaemic jaundice (iii) fed toxic 
amounts of copper (iv) copper deficiency (v) fed excessive doses of cobalt. 

♦ Now on staft of Soil Fertility Kesearch Station, Hamilton. 



27 


1948) McNaught — Cobalt, Copper and Iron in the Liver 
IN Relation to Cobalt Deficiency Ailment 

Thougli the most susceptible animals arc lambs of 4 to 9 months and 
calves or yearlings of 6 to 18 months, older animals, especially among 
sheep, will succumb to busli -sickness if grazed long enough on severely 
deficient pastures without cobalt supplements. Lambs younger than 
4 months and calves younger than 6 months do not usually show gross 
symptoms of bush-sickness, but the progeny of bush-sick ewes and cows 
seldom thrive, even at such early ages (9). As livers from animals of 
widely varying ages are frequently submitted for determination of cobalt 
status it was considered desirable to have reference data, where possible, 
for animals of all ages from foetal stage to maturity. 

CHltMICAL METHODS 
Removal of Organic Matter 

For cobalt determinations in the later work the wet digestion tech- 
nique (3) was replaced by the following nitric acid ashing procedure, 
because of the difficulty experienced in fuming off tlie residual sulphuric 
a('id conveniently and without losses by creep. 

A lOg. dry weight of sample, or about 30g. w^et tissue, is warmed on 
the hot j)late in a fume cupboard in a 4 in. silica basin with about 25 ml. 
50 per cent, nitric acid (equal volumes concentrated nitric acid and 
water), till frothing commences. The basin is removed from the hot 
])late and 5 ml. amyl alcohol added to suppress the frothing. Part of 
the alcohol reacts with the nitric acid and part boils off. When the 
leaction ceases, heating is continued till charring. The charred residue 
is ashed in the fume cupboard at 550 to 600® c. for about 30 minutes. 
Tlie basin is cooled, about 15 ml. 50 pet cent, nitric acid added, and, 
with a clock-glass on the basin to produce reflux, heating is continued 
till all the acid has been driven off. The residue is again ashed for 5 
minutes, preferably at a lower temperature, about 500 c., to avoid 
damage to the basin by fusion of the ash The nitric acid treatment 
followed by ashing is repeated till a residue completely free from carbon 
is obtained. 

The above method is suitable for appr().\imatc determinations of 
copper on the same sample but appears to be unsuitable for the .simul- 
taneous determination of iron, for which a separate digest is necessary. 
The wet digestion procedure (3) has the advantage that it allows of 
reasonably accurate copper and iron determinations on the same digests. 

Preparation of Extracts for ('obalt Determination 

The subsequent treatment of the ash is similar to that previously 
outlined (3) except that the final evaporation to dryness is carried out 
at a higher temperature, for example on the sandbath, to ensure that no 
traces of aqua regia remain. If a permanganate-like colour develops, 
re-evaporation to dryness with hydrochloric acid is used. 

Method of Estimation 
r obalf 

All analyses prior to December, 1936, including the results reported 
by Josland (15, 16), were obtained by a modification of the method of 
Stare and Elvehjem (17) in which neutralization of the test solution is 
carried out with caustic potash in the presence of the nitroso-R-salt 
reagent. From that time till November, 1939, the solutions were 
neutralized first before addition of the reagent (3), a procedure whicli 
was subsequently shown to give low' results for some solutions (18). 
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From November, 1939, a reliable technique eliminating the use of caustic 
alkali has been used (19) and all the results here reported, unless other- 
wise indicated, have been obtained by this procedure. 

Copper 

The diethyldithiocarbamate reagent has been used throughout. 
Both the amyl alcohol extraction method (20) and Hoar's method of 
stabilizing the colour with gum arabic (21) have been used, the latter 
•especially for amounts of copper in excess of 100 p.p.m. 

Iron 

Determinations of iron were made at the same time, using a, a}- 
•dipyridyl. As this reagent gives some colour with copper as well as with 
ferrous iron, appropriate corrections were made by using a separate 
tintometer graph. No great accuracy can be claimed for such a method 
(error about ± 10 per cent.) but tests gave good agreement with results 
by the thiocyanate method, also affected by copper, using as standards 
iron solutions containing comparable amounts of copper. 

RESULTS 

The results fc»r both concentration and total amounts of cobalt, 
•copper and iron in the livers, are summarized in Tables I to IV. Only 
results for livdrs from animals of known state of health are shown. 
Diagnostic material, from unthrifty animals affected by some unknown 
complaint not of parasitic origin, or samples submitted for cobalt status, 
are not included in the tables. Concentrations are reported as parts 
of the element per million (p.p.m.) of dry matter (constant weight at 
10v5® c.), and total amounts are expressed in milligrams of the element. 
Where there are only two samples in the particular group, the cobalt, 
copper and iron figures are kept in co'rrect relative order. 

The effect of age of the animals on size of the liver makes it necessary 
for an examination of total cobalt levels to separate the animals into 
different age groups. *For sheep, 3-9 months, 12-20 months, and 24 
months and older were selected as these are the normal age groups at 
slaughter. For cattle the ages are less clearly defined, namely " year- 
lings ” 6 months to 2 years, and “ mature ” beasts more than 2 years 
(usually more than 3 years). 


DISCUSSION 

Cobalt in Livers of Healthy Animals 

As a basis for reference and discussion, values for normal healthy 
animals are considered first. Table V shows results for animals other 
than sheep and cattle. 

(1) Effect of age of animals on cobalt content of the liver. 

•<a) Sheep. 

In healthy sheep on a steady, natural, unsupplemcntcd, cobalt diet 
.some increase in concentration of cobalt from birth through to weaning 
is indicated from the results in Table I. The figures for two of the 
new-born lambs and the 2, 4 and 8 weeks lambs as well as 2 figures each 
for 3, 5 and 6 months lambs form a truly comparable series. These 
were from a uniform group of lambs bom and raised on a paddock on the 
Horotiu-Te Kowhai formation at the Kuakura Animal Research Station, 
commencing from mid-August, 1939. These animals received no cobalt 
4 topplements of any kind, while the evidence from analysis of pastures 
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in the previous season is that the cobalt content of the pasture would be 
fairly constant (see reference (22) Table II. p. 97B). though slightly 
higher at the time the new-born and six months lambs were killed. No 
highly significant differences in cobalt concentration were found com- 
paring the new-born, two weeks, and four weeks lambs with three months^ 
lambs, but compared with six months lambs the differences were statis- 
tically significant at the 1 per cent, level. 

When the figures in Table I for animals 3 months and older are further 
analysed, we find in the 3-9 months age group 59 samples averaging 
0.159 p.p.m. (range 0.063 to 0.322); 12-20 months 5 samples averaging 
0.155 p.p.m. (range 0.111-0.190); 2 years and older 6 samples averaging 
0.252 p.p.m. (range 0.183-0.315). Of the 59 samples from healthy 
3-9 months lambs, only 5, all less than 7 months old, showed figures of 
less than 0.10 p.p.m. cobalt. Although the number of samples in the 
oldest age grouj) is small, the average cobalt level is appreciably higher 
than in the 3-9 months age group. 

In liealthy 3-9 months lambs total cobalt ranged from 0.010 to 
0.050 mg., average 0,023 mg., in 12-20 months sheep 0.019 to 0.025, 
average 0.023 mg.; and for sheep 2 years and older 0.027 to 0.073, average 
0.051 mg. 

(h) Cattle. 

In new-born and bobby calves the cobalt concentration is signifi- 
cantly lower than in healthy yearling and mature cattle beasts (Table I). 

In new-born and bobby calves, total cobalt varied from 0.004 to 
0.035 mg., average 0.014, while in six healthy yearlings the range was 
0.129 to 0.168 mg., average 0.146. 

(2) Effect of cobalt lexfcl in the diet on cobalt content of the 
livers of healthy animals. 

{a) No cobalt sttppiements. 

In healthy sheep in healthy " districts, the few examples where 
relevant data on cobalt content of the pasture are available, indicate 
some correlation between cobalt concentration in the liver and dietary 
cobalt, especially where differences in dietary levels are pronounced, 
h'or sheep kept healtliy in bush-sick country by means of cobalt sup- 
plements, see Table VI and subsequent discussion. The lowest of 
twelve results for lambs from the Wairarapa district, namely 0.068 
p.p.m. (0.013 mg. total cobalt) was for an animal from Mt. Bruce district 
where Maunsell and Lamont (23) found low levels of cobalt in some 
pastures (0.04 to 0.06 p.p.m.), while the highest value, 0.26 p.p.m. 
(0.024 mg. total cobalt), was for a lamb from an area associated with 
relatively high cobalt levels in the pastures (approx. 0.25 p.p.m.). On 
the other hand a comparison of two groups of 5-6 months lambs from 
Ruakura, one grazing on a pasture which provided on a yearly average 
approximately 0.13 p.p.m. cobalt (paddock 13A. reference (22)), the 
other 0.20 p.p.m. cobalt, showed no statistically significant differences 
in concentration, though seven of the eight values showed consistent 
correlation. 

(b) Cohalt supplements. 

In healthy districts, animals which have had access to proprietary 
licks containing small amounts of cobalt gave an average cobalt con 
centration of 0.22 p.p.m. as compared with 0.17 for those receiving no 
supplements. Where drenches containing very small amounts of cobalt 
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have been used, the average figure is 0.18. In neither case is the dif- 
ference significant, probably because the amount of cobalt used in such 
proprietary licks and drenches in healthy areas was initially very small. 
Note : Cobalt licks, used in the main deficiency areas contain higher 
levels of cobalt, namely the recommended amount of 4 oz. cobalt sulphate 
per ton (24), and can be expected to give greater differences. 

Josland’s work (16) has shown that much larger doses of cobalt result 
in greatly increased cobalt levels in the liver. With injurious amounts 
of cobalt, figures in excess of 3 p.p.m. cobalt have been obtained. 

Cobalt in Livers of Bush-sick Animals 
(Results are summarized in Table III.) 

(1) Effect of age of animals on cobalt content of the liver. 

Sheep. 

The livers from the two foetal and new-born lambs from bush-sick 
ewes show concentrations of cobalt comparable with those in 3 months 
and older sheep affected by bush-sickness. Data from other animals 
of less certain history and not reported in the table confirm this trend. 
This means a progressive increase in total cobalt content roughly pro- 
portional to the weights of the livers. Five lambs 5-9 months old gave 
an average figdre of 0.039 p.p.m. (range 0.029-0.045), 15 sheep 12-20 
months 0.024 p.p.m. (range 0.008-0.040) and 10 sheep 2 years and older 
0.041 p.p.m. (range 0.033 to 0.054). 

Cattle, 

No information is available on the effect of age on the cobalt content 
of livers of bush-sick cattle beasts. 

(2) Effect of cobalt level in the diet on cobalt content of the liver. 

The improvement in health of sheep and cattle on North Island 
bush-sick pastures from the use of cobalt supplements in the form of 
licks, drenches or topdrdSsing has been referred to in various publications 
(24) to (32). The results of the extensive series of topdressing experi- 
ments instituted at Mamaku in 1938, show good correlations between 
cobalt content of the pasture and cobalt content of the liver, and both 
with incidence of deficiency symptoms (Table VI). 

Twenty-three of the thirty samples from bush-sick animals reported 
in Table III were from these and earlier Mamaku experiments and all 
without exception were associated with pastures whose average cobalt 
content for monthly samples taken over the preceding 12 months did not 
exceed 0.06 p.p.m. cobalt (range 0.04 to 0.07, average 0.055 to 0.061). 
This means that figures of 0.008 to 0.054 p.p.m. cobalt, average 0.031 
p.p.m., in the liver have been associated with an average yearly cobalt 
content of the pasture of 0.06 p.p.m. On the cobalt topdressed pas- 
tures, however, breeding ewes and lambs have been maintained in excel- 
lent condition. In these the cobalt content of the livers is relatively high, 
in accord with the increased cobalt content of the pasture. 

Diagnostic Value of Cobalt Content of Livers 
(1) Correlations. 

The results in Tables I to III and VI show a fair correlation between 
lK)th cobalt concentration and total cobadt in the liver and incidence of 
I^^^ckness. The results of analyses of livers from animals suffering 
other known ailments (Table IV) and also the unreported results 
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•of analysis of diagnostic samples from unthrifty animals from *' healthy 
districts, which have shown quite high cobalt levels, confirm that the 
'Correlation is with cobalt deficiency and not with unthriftiness. 

(a) Animals at an age when they are particularly susceptible to 
bitsh-sickness. 

Sheep. 

The livers of typical North Island bush-sick sheep 5 months and 
older contained 0.03 p.p.m. cobalt on dry matter (range 0.01 to 0.05), 
while normal healthy untreated sheep 3 months and older from healthy 
districts averaged 0.17 p.p.m. cobalt (range 0.06 to 0.32, most values 
being above 0.10 p.p.m.). When the figures for sheep 2 years and 
older are examined, we find a still more pronounced difference in cobalt 
concentration (average for 10 bush-sick ewes 0.041 p.p.m., range 0.033 
to 0.054) as against 0.252 p.p.m. (range 0.183 to 0.315) for healthy ewes. 
Sheep kept healthy in bush-sick country by means of adequate cobalt 
supplements have shown still higher average levels (0.36 p.p.m.) though 
the values are more variable (range 0.08 to 1.2). 

Similar or slightly lower cobalt levels in the livers of sheep affected 
by cobalt deficiency ailment similar to bush-sickness were obtained by 
South Island workers at Glenhope, Nelson (4, 6, 10) and at Morton 
Mains, Southland (4, 7, 8). 

Total cobalt in the livers of typical bush -sick sheep 5-9 months 
old ranged from 0.001 to 0.008 mg. (average 0.004) as compared with 
0.010 to 0.050 (average 0.023) for healthy 3-9 months sheep. For 12-20 
months the figures were respectively 0.(K)2 to 0.(X)7 (average 0.004) and 
0.019 to 0.025 (average 0.023), and for 24 months and older 0.(K)4 to 
‘0.012 (average 0.006) and 0.027 to 0.073 (average 0.051 ). 

Cattle. 

For bush-sick yearling heifers and .steers the values for concentra- 
tion of cobalt were 0.03 p.p.m. (range 0.02 to 0.04) and for healthy 
yearling or mature cattle beasts 0.24 p.p.m. (range 0.12 to 0.40). 

Total cobalt in the liver of the one bush-sick yearling heifer for which 
total weight of the liver is available gave 0.04 mg. ('o., as compared with 
an average of 0.15 mg. (range 0.13 to 0.17) for six healthy yearlings from 
healthy districts. 

(b) Animals which normally do not show symptoms of bnsh-sickness. 

Sheep. 

From the very limited data available, supplemented by data not here 
tabulated from animals of less certain history, it appears that the cobalt 
concentration in the livers of foetal and new'^-born lambs from bush-sick 
ewes is similar to that of sheep 3 months and older. On the other hand, 
foetal and new-born lambs from healthy ewes in healthy districts (Table 
I) show an average cobalt level of 0.08 p.p.m. (range 0.05 to 0.12). New- 
born lambs from ewes kept healthy in bush-sick country by means of 
■cobalt supplements show an average cobalt level in the liver of 0. 1 5 p.p.m. 
(range 0.11 to 0.20). 

CaUU. 

No data are available for comparison of levels in new-born calves 
from bush-sick cows with those from healthy mothers. 
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Other animals. 

In New Zealand cobalt delficiency is known only in sheep and cattle. 
Analyses of two samples from a case of suspected deficiency in goats on 
a farm at Mohaka on East Coast hill country associated with cobalt 
deficiency in sheep gave inconclusive results (Table V). Cunningham 
in 1937 (33) and Underwood and Elvehjem (34) were unable to produce 
cobalt deficiency in rats, possibly because in both cases the purified diets^ 
still contained cobalt (34, 35). 

A nomalous results. 

Where cobalt drenches have been given to bush-sick animals in 
extremis in an unsuccessful attempt to save their lives, the. cobalt level 
in the liver may increase to normal levels. Samples from such animals 
or from any cobalt treated animals are usually unsuitable for diagnostic 
j)urposcs. 

The only serious anomalies in the reference data were for two livers 
from sheep from Okaihau, North Auckland (Table I, A (2)). Total 
cobalt could not be determined. Two samples from Taranaki which gave 
rather low re.sults of 0.050 and 0.056 p.p.m., the latter 0.008 mg. total 
cobalt, liave also been included in this section. Although these four 
animals were described as healthy, they were all from farms with histories 
of ailment consistent with mild cobalt deficiency. 

Askew, in experiments at Glenhope in the South Island (6), concluded 
that a cobalt content of 0.05 p.p.m. on dry basis in the livers of 2J to 3 
year old sheep and 0,010 mg. cobalt per organ, is compatible with perfect 
health. Later Askew and Watson (10) demonstrated that the cobalt 
level in the liver drops to quite low levels before the development of 
typical deficiency symptoms. Furthermore, cobalt contents as low as 
0.04 p.p.m. had been reported for heathy animals at Morton Mains in 
Southland (4). The conclusion from the present work, however, is that 
such low levels of cobalt, though sometimes associated with healthy 
animals, are indicative., of sub-optimal or dangerously low amounts of 
cobalt in the diet. In diagnostic work, therefore, such figures are 
treated as indicative of deficiency of cobalt. 

Application of Results 
(1) Cohalt concentrations. 

From an early stage in this investigation, tentative diagnoses were 
made with the following results : 

As the highest cobalt figure yet noted in this work for the liver of 
a healthy sheep which had received no cobalt supplements is 0.32 p.p.m. 
and for cattle, 0.40 p.p.m., figures above 1 p.p.m. cobalt have been 
regarded as indicating abnormdly high cobalt in the diet through access 
to cobalt other than that present in the untreated pasture. 

Sheep. 

Fifty -three cases in animals 4 months or older, which showed a range 
of cobalt concentrations from 0,015 to 0.060 p.p.m. were tentatively diag- 
nosed as cobalt deficient. Of these, 38, including that associated with 
the 0.060 p.p.m. figure in a 6 months lamb, have been sustained by subse- 
quent good results with other sheep from the use of cobalt supplements. 
In the remaining cases, information has been insufficient to justify any 
/Conclusion. In 6 out of 8 cases, tentatively classed as “ border-line ” 
r^imals 6 months or older, range of cobalt concentrations 0.063 to- 
p.p.m.) there is evidence of subsequent benefit to other sheep in the 
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flocks from the use of cobalt. In one instance, two apparently similar 
lambs from the one draft gave values of 0.047 and 0.087 p.p.m. cobalt 
respectively. A controlled drenching experiment proved clearly the 
benefit of cobalt on tlie farm concerned. 'I'liis variability of results due 
to sampling error ” shows that isolated analyses can be expected to 
give only an indication of the overall picture. 

More than 50 cases have been diagnosed as healthy for cobalt, where 
the concentration has been in excess of 0.10 p.p.m. The large majority 
of these were from unthrifty animals, most of which had received no 
•"obalt supplements and which were affected by unknown complaints 
apparently not of parasitic origin. Many were from districts where there 
is no evidence of cobalt deficiency. 

Cattle. 

All 5 deficiency diagnoses (range 0.051 to 0.()80 p.p.m. in cinimals 
'9 months and older) have been sustained by subsequent good results 
from the use of cobalt. Two of 3 “ border-line ” cases in yearlings, 
vvhere the figures ranged from 0.094 to 0.105 p.p.m. have subsequently 
been confirmed by responses to cobalt. In 3 other cases, this time in 
unthrifty 3 to 4 months calves, figures of 0.(»79, 0.100 and 0.103 p.p.m. 
were obtained. In none of these cases lias the suspected marginal 
deficiency been confirmed. 

All other samples from unthrifty animals, 9 months or older, which 
showed figures above 0.13 p.p.m. have been classified as healthy for 
•cobalt, 

(2) Total cohalt. 

Though the correlation between total cobalt and incidence of Imsh- 
luckness is good, there appears to be no advantage in determining total 
cobalt except possiblv to assist in interpretation of results in some cases 
where the liver is of unusual si/.e. 

DTAfiNOSTIC CKn KRIA 

On the basis of the reference data here prc.sented, the following 
criteria are suggested : 

Sheep. 

Three months and older, below 0.06 p.jLin. cobalt deficiency, above 
0.10 p.p.m. adequate cobalt. 

Less than 3 months, below 0.04 p.p.m. suspected cobalt deficiency, 
above 0.08 p.p.m. adequate cobalt. 

Cattle. 

Nine months and older, below 0.05 p.p.m. cobalt deficiency, above 
0.12 p.p.m. adequate cobalt. 

Less than 9 months, data inadequate, but lower levels arc indicated, 
■especially in new-boni calves. 

Evidence from the response to cobalt supplements of other animals 
on farms where figures intermediate between these limits ha^'e been 
obtained in diagnostic work suggests that values below 0.08 p.p.m. in 
sheep 6 months and older and below 0.10 p.p.m. in cattle 9 months and 
older are indicative of sub-optimal amounts of cobalt. 
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COPPER 

Figures for copper have been recorded in Tables I to V. The main 
purpose of the analyses for copper was to ensure firstly that bush-sickness 
in the North Island of New Zealand was not associated with copper 
deficiency as in South Australia, and secondly to ensure that there was 
no possibility of copper deficiency in diagnostic cases referred to this 
Laboratory. The copper levels in bush -sick animals (Table III) confirm 
Aston’s early findings (36) that typical bush-sickness on non-peaty 
pumice lands in the North Island is not associated with copper deficiency. 
On the contrary, the average copper level in bush-sick .sheep 3 months 
and older was 460 p.p.m. as compared with 320 p.p.m. for liealthy un- 
treated animals from healthy di.stricts, and 406 p.p.m. for healthy cobalt 
treated from healthy districts. The higher level in bush-sick areas is 
confirmed from analy.ses of livers of healthy treated animals from these 
same areas, where the average copper level found for sheep 3 months 
and older was 556 p.p.m. The figure of 460 p.p.m. for bush-sick sheep 
would be increased if the calculations were made on fat-free basis as 
several of the samples were from animals with enlarged fatty livers. 
In the South Island, Dixon (37) at Morton Mains and Askew (6) at 
Glenhope have obtained comparable figures for copper in ailing sheep. 

Several cases of enzootic icterus in animals from the Mainaku Farm 
have been associated with very high copper figures in the liver, in exce.ss 
of 1,000 p.p.m. on dry basis. Analyses by Piper's modification (38) of 
Sylvester and Lampitt's method (39) showed co})per levels in two pasture 
samples from Mamaku control paddock No. 9 of 12.4 and 14.0 p.p.m. 
This indicates that the intake of copper at Mamaku may be higher than 
in the cobalt deficiency areas of Western Australia (40) where the average 
copper content in typical cases was only 3.7 p.p.m. (9.9 for holdings 
unaffected by enzootic marasmus). 

Among diagnostic samples handled by the writer only one case of 
suspected combined c;obalt and copper deficiency was noted, from 
Waipapa in North Auckland. This and any ca.scs of suspected simph* 
copper-deficiency, were referred to Dr. 1. J. (Tinningham for his copper 
investigations. 

As published work on copper contents of livers indicated divergent 
opinions as to what constituted normal levels in the livers of sheej) and 
cattle, the samples obtained for the cobalt survey of healthy districts 
were analysed for copper content for reference purpo.ses. 

In sheep there appears to be no very significant change in co])per 
concentration from birth (average 288 p.p.m.) through to maturity 
(average 323 p.p.m., Table I), though the levels at weaning may be 
somewhat lower. On the other hand, livers of new-born and bobby 
calves show levels of copper similar to sheep but the copper concen- 
tration drops appreciably from birth through to yearling stage, a con- 
clusion which has been arrived at by many other workers (41 ) to (46). 
The total copper content in consequence remains relatively constant. 
This investigation has revealed some low figures for copper in the livers 
of apparently healthy cattle beasts from country in which cobalt de- 
ficiency does not occur. 

; IRON 

Enzootic marasmus in Western Australia (13), coast disease’' in 
South Australia (12), and some cases of salt-sick ” in Florida (47), are 
iMSOciated with marked deposition or accumulation of iron in the liver, 



35 


1948) McN AUGHT- Cobalt, Copper and Iron in the Liver 
IN Rp:lation to Cobalt Deficiency Ailment 

kidney and spleen. In Coast disease the liver shows particularly high 
deposition of iron, the average reported by Marston ei al. (12) for 13 
untreated wcaners showing 16,100 p.p.m. and for one ewe 12,000 p.p.m. 
iron. Nine sheep affected by enzootic marasmus showed in Underwood’s 
work (13) an average iron content of 2,380 p.p.m. In order to compare 
New Zealand results with these findings, iron was determined on most of 
the samples analysed for cobalt and copper. 

The average for 29 North Island (N.Z.) bush-sick sheep (Table 111) 
was 360 p.p.m. (range 80 to 853) as compared with 180 p.p.m. (range 89 
to 457) for healthy untreated .sheep aged 3 months and older from h<^althy 
districts. Animals 6 months and older kept healthy on bush-sick country 
with cobalt .supplements showed intermediate values, average 215 p.p.m. 
(range 110 to 303). Results in Table 1 show that the concentration 
and total amount of iron in the liver normally drop from birth through to 
weaning. 

Tlie average iron content in the livers of 20 bobby calves from healthy 
cows was 1,2^) p.p.m. (range 67 to 4,380), compared with 300 p.p.m. 
(range 137 to 644) for 21 healthy yearlings and mature cattle beasts. 

The low figures for iron in the livers of North Island bush -.sick .sheep 
(average 360 p.p.m.) are similar to those found by Di.xon (37) in Morton 
Mains disease in the South Lsland of New Zealand and are in marked 
contrast with the high figures reported for cobalt deficiency ailments 
in Australia. 

In coast di.sease the copper content ranged from 5 to 10 p.j).rn. (12), 
in en/.ootic marasmus 14 to 22 p.p.m. (40), and in bush-.sickne.ss 60 to 
1,220 p.p.m. (Table 111), suggesting an inverse relation between con- 
centration of copper and e.xtent of accumulation of iron in tin* livers. 
Underwood and Beck’s results (40) indicate that the e.xce.s.sive stores of 
iron in the tissues of affected animals are used up during recovery from 
en/ootic mara.smus while being treated with cobalt only. It would, 
therefore, appear that the iron mobilizing effects of cobalt and copper are 
sup)]>lementary, with copper playing the dtiminant role. Thus iron is 
immobili/(Hl in the liver when there is either a severe deficiency of co])per, 
or a moderate deficiency of copper and a deficiency of cobalt. 

CONCLUSIONS 

(a) (iood correlation is evident between lioth cobalt concentration 
and total cobalt content in the liver and incidence of bush -sic kne.ss in 
sheep and cattle. In general the correlation is considered to be better 
than was obtained from analysis of pastures. There appears to be no 
additional advantage from determining total cobalt as well as concen- 
tration. 

(b) Sheep affected by facial eczema, copper deficiency, enzootic icterus, 
unthrifty sheep and cattle from healthy areas, and cattle affected by 
copper deficiency, show cobalt levels similar to healthy animals, con- 
firming that the correlation is with cobalt deficiency and not with 
unthriftiness due to any cause. 

(c) Four abnormally low figures for cobalt in livers of healthy sheep 
have been observed but all appear to be from marginal deficiency areas. 

(d) The average figure for copper in livers of typical bush-sick sheep 
is somewhat higher than normal for New Zealand and very much highci 
than typical examples of enzootic marasmus or coast disease. 
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In the normal slieep livers examined there appears to be no signifi- 
cant change in copper concentration from birth through to maturity. 
In calves the copper concentration drops appreciably from birth to 
yearling stage. 

(e) The average iron content in the livers of bush -sick sheep is higher 
than that found in healthy normals but accumulation of iron is very 
slight compared with enzootic marasmus and coast disease. Similar 
trends are found in the limited data for cattle. The iron mobilizing 
•effects of cobalt and copper appear to be supplementary, with copper 
playing the dominant role. 

(f) Neither copper nor iron contents can be used as an indicator of 
cobalt deficiency in New Zealand. 

(g) For diagnostic purposes the following criteria have been success- 
fully employed. 

(i) For .sheep 3 months and older, concentrations of cobalt below 
t).06 p.p.m. indicate cobalt deficiency, above O.IO p.p.m. sufficiency of 
cobalt. 

(ii) For yearling and mature cattle beasts figures below 0.05 i).p.m. 
indicate cobalt deficiency and above 0.12 p.p.m. adequate cobalt. 
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Tablk IV. Sheep and Tattle Affected by Ailments Other Than Bush-sickness 
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* Analyses by earlier less reliable iiietlKxl (3), liable to be low. 

t Cases of experimentally iiiduectl jaundice— M. Buddie’s experiments at Wallaceville (48>. 
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Table VI. Correlation of Cobalt Content of Mamaku and Waimiha 
Pastures and Cobalt ('ontent of Livers with Bush-sickness 


('obalt conlcnl (p ]) in ) on dry niatlei 



Number ol 

Past lire 

1 Liver 


Description | 

Samples 


1 

- 

1 


Range \'earJ\ \v 

1 Range 1 

A VO! age 

Mamaku. \ 



1 


JJush-.sick* lamb 

4 

0.04 0.(17 0.0b 

; 0.039-0.045 

0.042 

„ hoggets , 

12 

0.04-0.07 lO.Ob 

1 0.008-0.040 

0.024 

M ewes 

a 

0.04 0.07 'o.Ob 

' 0.0,34-0.054 

0.044 

Healthy 2-toot li j 

1 

I O.Ob-0.11 |0.08 


0.103 

Dealt In 4 vrs ewesf 

1 

0.05-0.62 10. lb (appiox) 

1 

0.38 

f> i. 

a 

0. 0,5-1. 2 10.18 

0.078 1.17 

0.61 

,, I. 

2 

0.08 0.62 ,0.27 

0 25-0.29 

0.27 


T 

0.08 2.8 o.ba 

1 

1 .05 

H antnha 



1 

1 


Hush- sick ev\es 

b 

0.04-0.08 jo 06 

1 o.oaa-0.045 

0.040 

Dealt In ewes 

b 

0.10 i.oa '0.50 

0.35-0.80 

0..52 


* About lialt ol those Imsh sick unnnais dieil, the liahuue being killed in a 
weak Ol iintlnTll's londition and showing l\puril s\niptoins of severe 
doln u*iK\ 

f 'rhes(‘ ewes (bed fifini hiinbing tionlile but weie othei wise in good Loiiditioii 
1 hen weight «ind g^'innal healtli i'*<oids inled out the possibilitv ol biish- 
SK kiiess 


BACH.LVS MESFATERlCVti: \N \SS\^ ORCXNISM FOR 

PENICILLIN 

Hy I\. L. Nhlson, Research Assistanl, Animal Research Station, 
Department of AgricnUiire, VVallace\ille 

{Hci I'tiuui jor l^uhlh ahon. 1 ^ 17 ) 

Summary 

The use IS descriheil nf Hmillus wcm nfi'ni ils as a lest oigainsm in 
the plate method of tieniCilliii assa>. Its ad\amage o\er StUi^^livhu ot t 
arc indicated. 

I NTRODl ( 1 lO.N 

In the (letcrmilialion of the polencN of penicillin solutions by the 
Healley plate method it is usual to emi)loy a suitabl\ seiisitiu* strain 
of Staphylococcus. Fhis org^anism is, howexer, subject to certain dis- 
advantages; of these the more important ha\e been noted b\ I'oster 
and Woodruff (1943 a), (1944). Most of the drawbacks mentioned 
by these authors ha\e been experienced in this laboratory and more 
especially has it bei‘ii found that staphylococci show a physiological 
variability from time to time. In addition the growth is u.sually not 
sufficiently opaque to give a good zone contrast and many strains tend 
to flocculate markedly in broth thus finally producing irregular growth 
in te.st plates. This has been observed more particularly with the culture 
of 5*. aureus strain H ” in our possession. 
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Foster and Woodruff (1943 b) in introducing the use of Bacillus 
^ubiilis as a test organism claim that it obviates most of the failings of 
staphylococcus. 

Two years ago when it became evident at Wallaceville that S. aureus 
was not entirely suitable for penicillin assays it was decided to test a 
number of organisms of the B. sublets group. Of these our strains of 
B, subtUis, B. mycoides and B. megatherium proved insufficiently sensi- 
tive and failed in other respects to fulfil the requirements of the test. 
A fourth type, namely, B. mcsentericus, gave .such successful results 
that it has since been employed here in routine penicillin determinations. 

The Strain 

In 1942, during the course of a bacteriological examination of some 
pig feed, Bacillus mesentericus was isolated together with numbers of 
other typical soil flora. This was the source of the strain now used at 
Wallaceville for assay work. Culturally and biochemically it duplicates 
the chfaracters assigned to Bacillus mcsentericus vulgatus by Topley 
and Wilson (1936) except that nitrates in broth are not reduced. 
Bergcy (1939) states, however, that nitrate reduction may or may not 
occur within this species. 

The Assay Method 

The assay procedure adopted here differs in no essential respect 
from those usually employed. Ordinary 2.5 per cent, nutrient agar is 
used as a medium; this is distributed in KX) ml. lots in- flasks. An 18 
bour nutrient broth culture of J5. mesentericus is used as an inoculum 
at the rate of O.S ml, of culture per KX) ml. of agar, and is added to the 
pre-melted agar at 46^ C. This gives a density of organisms such that 
after incubation the colonies are alrqost but not quite confluent. A 
quantity of 12 ml. of the sown agar is apportioned to each plate, after 
which, without preliminary drying, the test solutions are added. The 
plates are incubated at 37® C. for 14 to 18 hours. 

Incubation produce® a highly opaque bacterial growth; the zone 
margins are clearly defined and the marked contrast between areas of 
growth and of non-growth facilitates accurate measurement of the zone 
diameters. The sensitivity of B, mesentericus between 0.5 and 1.5 
units per ml. is roughly equivalent to that of S, aureus strain H,” 
but while the sensitivity curve follows the usual shape it tends to be 
flatter than that of the latter test organism. Penicillin potencies as low 
as i unit per ml. are easily determined using the cork-borer (No, 3) 
method of agar-excision; this level of concentration gives a zone dia- 
meter of about 12.2 mm., while the diameter at a concentration of 5 
units per ml., which is about the upper practicable limit, is approximately 
26 mm. 

The advantages of B. mesentericus may be summarized as follows : 
( 1 ) physiological and cultural stability in time and in different batches 
of media; (2) excellent definition of inhibitory zones; (3) absence of 
the ring formation which frequently results from bacterial lysis in the 
case of S, aureus; (4) homogenous growth in nutrient broth without 
flocculation or peUiclc formation (no surface growth appears until 4 to 
6 days); (5) it is non-pathogenic ; (6) owing to rapid growth, zones 
are measurable after from 8 to lO'hours of incubation. 

On blood agar B, mesentericus is strongly Beta-haemolytic and this 
property suggests it would be a suitable organism for use in the tube 
^assay method of Rammelkamp (1942). 
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I li(“ illiistralioii ( I'ig’. H shows an assay usin^ ( A) S. aureus strain 
“ H ” and (H) Bacillus mcscntcricus in which the zone clarity can be 
seen down to the lowest concentration of penicillin. It should be stated 
that the particular plate of S. aureus was selected as b(*ing the best of 
several dozens whereas that of B. meseuiericus is ciuite typical. 
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CONTROL OF HALO-BLIGHT OF BEANS 

By W. IX Reid, l^lant Bacteriologist, Idant Di.seases Division,. 

Department of Scientific and Industrial Research 
(Reccku^d for ftthliraliou. dOtli July, 1947) 

Summary 

In 1945-46 and 1946-47 seasons dwarf heans infected with halo-hlight 
{Pseudomonas medicaginis var. phascolirola Stapp and Kottc) were 
treated with Bordeaux (6-8-l(X)) and C'uprox (copper oxychloride, .^-IIK)). 

Treatments consisted of two, three and four applications of each 
spray material. 

Because of low rainfall, incidence of halo-blif^ht in 1945-46 season was 
low hut all treatments reduced infection to a very small amount. In 
1946-47 sea.son results showecl that three and four applications reduced 
disease lo a negligible amount but that two at)plications were not as 
effective. 

Bordeaux and Cuprox were of approximately equal value for control 
of halo-blight. 

Green-pod plus seed yields of treated jdots were approxim.-ilely double 
those of untreated plots. 
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1 NTRODIXTION 

In a previous paper (Keid and Taylor, 1945) results of copper spray 
treatments for control of halo-blight {Pseudomonas medicaginis var. 
phaseolicola Stapp and Kotte*) were given. These showed that four 
iipplications each of Bordeaux and of Cuprox (copper oxychloride 
SO per cent, copper) reduced infection to a negligible amount and that 
two and three applications, though not as effective, appreciably limited 
infection. To check these findings, results of which are reported in 
j)n\sent j)ap(‘r, further trials were carried out in 1945-46 and 1946-47 
seasons. 


Methods 

Jn each season an area of ground 140 feet by 60 feet was sown 
with Masterpiece dwarf bejin seed in 29 drills 24 inches apart. After 
germination plants were thinned to 3 in. and the area was divided into 
49 plots each of four rows 16 feet in length. Treatments were arranged 
in the fonn of a 7 x 7 latin s(|uare. Iwery fourth row served \em- 
porarily as an infection row, and was removed as soon as hah)-blighl 
was established. When plants had formed the first true leaves, tin- 
three permanent rows of each plot, with the (-xception of check ])lots. 
received a first application of spray material. After the- spray had 
<lried, the whole area, including infection rows and check plots, was 
sprayed with a water suspension of halo-blight bactc-ria. In the 1945- 
46 season infection rows were removed on 14th January and in 1946-47 
season on 30th December. 

Treatments consiste<l of two, three and four applications of (1) 
Cuprox {51b. per 100 gallons water) and (2) Bordeaux (61b. copper 
sulphate, 81b. hydrated lime, 100 gallons water) applied with a knap- 
sack pump. 

Times of application were arranged to give maximum protection 
from .seedling stage to time of picking green pods, a total jx-riod esti- 
mated as approximately 36 da3\s. This period was divided according 
to the number of applications intended; thus there were intervals of 
18, 12 and 9 days between ap])lications for the two-, three- and four- 
spray treatmetits respectively. In the 1945-46 .season the first applica- 
tion of all treatments was given on 4th January and the last, that of 
the four-spray treatment, on 4th hVbruary. In the 1946-47 season the 
first application was given on 11th December and the last on 8th 
January. 

The amount of spray re(|uirefl for a good cover increased with age 
of plants, the first application taking Jipproximately | gallon for .seven 
plots of a treatment and the last 3 gallons for the same area of 74.6 
square yards. 

Periodical counts of plant and pod infection were recorded. Tn- 
fecled ])lanls were graded 0 to 5 (Keid, 1945) relative to amount of 
disease pre.seut, 0 repre.senting freedom from disease and 5 .severe in- 
fection and possibly stunting of plant.' Ten plants distributed through 


♦In previous paper designated Pseudomonas fnedicaginis (Sackett) Dowson. 
According to the most recent classification, this species is now P, phaseo^ 
licola (Burkholder) Dowson. 
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<*ach row were so graded and the “infection index” in Table I gives 
average plant infection in each treatment. Pods of marketable size were 
picked on two occasions and were weighed, counted and recorf led as 
infected or free from disease. In the second season further growth of 
pods occurred after the second picking and these were later harvested 
and the seed weighed. 


Ui:.srLTs 


I ^4^- 46 Season 

ICarly examination of plants in infected rows showed an f‘ven <lis- 
tribution of halo-blight over the area. In this season there was no 
further increa.se in incidence after the initial infection. On 23r(l January, 
19 days after inoculation, check ])lots showed an average “ infection 
index” of 3.2 and treated plots \aried from 0.4 to 0.5 for Bordeaux 
and 0.6 to 0.9 for Cuprox treatments. The greater the number of spray 
applications the smaller was the index figure. The amount of di.sease 
on harvested pods indicated a .similar gradation; checks .showed 14.2 
per cent, infected on 7th hVbruary and 8.9 per cent, at ])icking on 18th 
h'ebruary; treated plots averaged 0.2 per cent, and 0.05 per cent, infec- 
tion at these two picking dates respectively. Differences between results 
of both plant and po(l infection of chi‘ck and treatment plf)ts were 
highly significant but no significant differences were apparent betw'een 
treatments, (ireen-pod yields varied from 186 ounces per plot for 
checks and three- and four-s|)ray Cut)rox treatments to 216 ounces for 
the two-.spray Ihnaleaux treatment. This difference in yield of 30 
ounces was just significant at the 5 per cent. lc\el. 

Season 

Ke.sults of the 1946-47 season are given in Table I. In the three- 
or four-sprav plots, infection regularly consisted of a single small 
lesion on each po<l, whereas in check plots many lesions or extensive 
infected areas occurred on majority of pods. Pods from check plots 
were useless for marketing. 

'J'ahlk I. JCfkiccts of 2, 3 and 4 Applications of Copper .Spray Materials 
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1 

Halo-bliglit Infection , 

Vickis ; 


Xunibor 

rreatinent .\verag€»s. 1 

J’lot Averal^e^ 

'I’reatinent. 

of 

— . - , 

— 

- 




.XjTIjlica- 

Plant 

j I'ods ; 

Pods ; 

Seed ; 


tions. 

Infection 

i*er cent 1 

1 ( )Z ]HM- 

Oz. per 



Index 

' Infection 1 

Plot 21 cS: 

Plot 



13.1/47. 

! 21 1/47. 

27/1./47. 1 

1 27J/47. 

26/2 47. 

Cuprox 5-100 

2 

0.3 

1.48 

21.58 ! 

408.6 ’ 

37.3 


3 

1 0.2 

0.23 

10.91 ; 

390.1 

33.1 


4 

0.1 

0 22 

6.43 

365.9 

34.7 

l^rdeaux 6-8-100 

2 i 

0.9 

2.23 

27.94 

412.4 

39.8 


3 

0.1 

0.45 

10.59 

376.0 

38.4 


4 

0.1 

0.26 

8.77 

394.8 

37.8 

•Check. No Spray 

-- 

4.1 

75.58 

56.88 

204.9 

4.1 

.Standard Error 


0.1 

0.93 

2.30 

25.1 

4,3 

Diff, for Significance I 






at 5 per cent. Level | 

1 

[ 0.3 

1 

2.67 

6.65 

72.5 

1 

12.5 
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Discussion 

Although the amount ot disease present in the 1945-46 trials was 
small, as shown by the check plots, treatments markedly reduced pla^""^ 
and pod infection. The low incidence of halo-blight in a susceptibu 
variety is unusual and in 1945-46 was apparently associated with low 
rainfall. In the three months covered by the 1945-46 trials the rainfall 
was 2,18, 0.82, and 0.51 inches, while in the following season for the 
three months of the trial it was 5.33, 2.91 and 2.67 inches. The average 
pod infection in check plots in the two periods were 11.5 per cent, and 
66.2 per cent, respectively. 

The results for 1946-47 also show that spray applications effectively 
checked bacterial infection of plants and pods. At the same time heavy 
infection in check plots decreased pod yield to approximately half that 
of treated plots. Seed yield was similarly affected though in this case 
the difference was greater. Bordeaux and Cuprox were of nearly equal 
value in preventing infection of plants and pods. The number of appli- 
cations, however, brought about marked differences in amounts of 
infection. The two-spray figures of both Bordeaux and Cuprox on 27lh 
January and of Bordeaux on 13lh January, were significantly greater 
than those of other treatments on these dates. There were no significant 
differences 'between results of three- and four-spray treatments. The 
two-spray treatments show higher pod yields than do the three- or four- 
spray treatments. The differences might have arisen from variation in 
plant damage associated with number of spray applications. However, 
they are not significant at the 5 per cent, level, and from a practical 
point of view, the advantages of the higher yields are offset by the 
greater amount of disease present. 

Whilst the above results are highly satisfactory it is probable that 
under commercial conditions, which would not include infection rows 
or untreated check plots, spray treatment would give an even better 
control. • 

In Table I, records of pod infection on 27th January show much 
higher figures than those of 21sl January. This was because the period 
between the last application of treatments and picking of pods was un- 
expectedly prolonged by slow maturing of crop. I^hus adecjuate pro- 
tection was not maintained during later .stages of pod development. 
This could 6e rectified either by an additional late spray or by adjusting 
times of' application to give more uniform protection over the whole 
growing period. 


Conclusions 

The results, together with those previously reported (Beid and 
Taylor, 1945) show that halo-blight of beans can be readily controlled 
by use of Bordeaux and Cuprox sprays. At least three applications are 
advisable and the intervals between them should be adjusted to give 
protection from the seedling stage to crop harvest. 
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PRELIMINARY AERIAL DISTRIBUTION TRIALS WITH 
SUPERPHOSPHATE AND SEED MIXTURES 

By I). A. Campbell, Soil Conscrvatitm and Rivers Control ( ouncil, 
Public Works Hepartmcnt, Wellington 

{Uecetvcd tor f)ublu(ttioii, Hith Daembcr, IU4H) 

INTRODUCTION 

'fHK iiroblems of combating depletion of pastures and controlling soil 
erosion and excessive nin-off on sown and native bill country grasslands 
are becoming increasingly acute owing to the cost and scarcity of labour 
and lack of access. The most immediate conservation problem is im- 
provement of the sward and the most effective large scale remedies are 
topdressing to improve fertility and seed sowing to provide responsive 
clovers and grasses. The possibility of using aircraft for these purposes 
consequently merits full investigation. To be effective the measures 
of sowing arc necessarily couulcd with jirudcnt grazing, pest and fire 
control ; trials were therefore made where the latter safeguards were 
assured. The nreliminary aerial fertilizer trials were confined to typical 
North 'Island hill countrv pastures and the seeding trials were carried 
out on typical depleted South Island high country native pastures. 

Hi.storv 

The possibility of applying fertilizers and seed from aeroplanes led 
the writer to investigate and formulate proposals which w(TC adopted by 
the Soil Conservation and Kivers ('ontrol ('ouncil in 1947. These pro- 
posals were further considered at the Council's request by an expert 
Interdepartmental Committee consi.sting of the Departments of Works, 
Air, Scientific and Industrial Research, Agriculture and the Soil Con- 
servation Council. This committee advised that the seed .sowing trials 
be done by Aerodromes Services, Ministry of Works, and the fertilizer 
trials by the Royal New Zealand Air Force. 

Fkktimzek Trials 

From the beginning it was recognized that tlie object of these trials 
was to provide information on the mechanics of distribution, the design 
and ty^x.’! of aircraft most suitable, and the practicability of the project. 
Early consideration was given to using concentrated phosphate, but 
as this was expensive and difficult to procure, it was decided to use 
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commercial super for the preliminary trials. In the event of the trials 
being successful concentration of phosphate could then be investigated 
along with other problems that arose. 



(R.N.Z A.r. Phtfto,) 

Fig. 4. — Hillside Superphosphate being released from an Avenger Aircraft. 
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The Air Force undertook the preparation of an aircraft for these 
trials. As ground freight costs were lower than air freight, a large 
machine designed to carry big loads for long distances was not so desirable 
for preliminary trials as one carrying smaller loads and capable of opera- 
ting from smaller aerodromes from which it would virtually lift and 
distribute the load rather than transport it. As costs of adapting a 
large aircraft, and investigations into overcoming the dust problem were 
scarcely warranted in the initial trials, the most suitable machine carrying 
a relatively small external load was sought ; the most suitable available 
being an Avenger Torpedo Bomber capable of carrying a 2-ton load. To 
this machine the Air Force attached a fertilizer hopper (a reserve petrol 
tank) (Figs. 1, 2 and 3) in the bomb-bay and fitted it with distribution 
slots and* controls designed to discharge at the rate of 2-cwt. per acre a 
load of one ton of " hill-side superphosphate, a special granular form of 
material in which the granules pass a | in. mesh but are retained on a 
J in. mesh. With the machine travelling at 125 miles per hour the load 
had to be dispatched in 37.5 sec. 

Calibration Trials with Aeroplane 

These trials were carried out at Ohakea by flying across the concrete 
runways at Varying heights with two types of superphosphate— normal 
commercial and hillside ’* superphosphate. 

In the first trial carried out in a light wind the cloud of dust from 
the normal super drifted off the areodrome, and only a small proportion 
of heavier granules settled on the trial area. IVrther trials were carried 
out with " hillside ’’ super, both across wind, into the wind, and with 
the wind, at elevations of 70 ft., \00 ft., 2(K) ft., 400 ft. and 6fK) ft., at a 
speed of 125 mph. (Fig. 4), 

The swathe of “ super pellets was reminiscent of hail both during 
their fall and on the runway. The width of the swathe varied directly 
with the height of the aircraft, from 12 yd. width at 70 ft. to approxi- 
mately 180 yd. at 600 ft. As was expected, cross winds carried the super 
very appreciably leewards. At 400 ft. elevation a very light breeze de- 
flected the falling super by half the width of the runway (40 yd.). 

During the trials sampling boxes similar to those to be used in the 
later trials at Raglan were difficult to locate so as to comjiletely sample 
the swathe of super to be dropped in any one run. 

However, the most effective sampling was done by sweeping up the 
super from the 10 sq. yd, hexagons of concrete with which the runway 
is paved. It was thus possible to measure accurately the transverse and 
longitudinal distribution of the fertilizer. 

The following weights from alternate hexagons along the centre of 
the line of flight provided a check on the continuity of flow : — 

From 400 it. flying height : 2.45, 2.49, 2.60, 2.57, 2.16, 2.55, 2,37, 
and 2.36 cwt. per acre. 

From 600 ft. flying height ; 2.35,2.12,2.13, 1.83, 1.90, 1.70 cwt. per acre. 

-The transverse distribution was carefully checked at 17 ft. 4 in. 
intervals across the line of flight and recorded as follows : 

From 4(X) ft. flying height : average of pairs of samples. .01, .16, .47, 
1.04, 1.78, 2.58, 2.54, 1.82, 1.25, .65, .31, .02 cwt. per acre. 
From 600 ft. flying height : .03, .07, .10, .17, .28, .39, .61, 1.08, 1.43, 
1.83, 2.13, 1.38, .73. .51, .42, .25, .14, .08, .06, .01 cwt. per 
acre. (Fig. 5). 
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Fig. 5- -Distribution of “Hillside*’ Superphosphate from 600 ft. flying height 
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From a graph of these distributions it was calculated that at 400 ft. 
elevation a spread of 2 cwt. per acre and over was obtained over a swathe 
of 50 ft., and that by making successive runs at 90 ft. intervals, a ton- 
dressing of from a minimum of 2 cwt. per acre to a maximum at the 
centre of each flight of 2.5 cwt. per acre could be obtained, providing 
that the wind did not vary. (Fig. 6). Errors caused by variable winds, 
had, however, to be accepted in practice on hill country. 

In the practical trial, which follow^ed, the required 2 cwt. per a» re 
distribution was closely approximated over a width of 50 ft. at 400 ft. 
elevation, a suitable flying height for hill country. From a study of 
the graph it was determined that the aircraft would be required to fly 
parallel courses 90 ft. apart to ensure that the minimum dressing of 
2-cwt. per acre was applied on the periphery with a maximum of 2| cw^t. 
per acre in the centre of the strip. 

The most remarkable outcome of the trials was the distribution 
effect of the slipstream on the falling particles. This, siu^erimposed on 
the normal dispersive eddies created by the falling particles, gave unex- 
pectedly effective and wide distribution of the granulated “hillside'’ 
.superphosphate. 

The preliminary trials proved that a sufficiently satisfactory ground 
distribution ,of granulated “ hillside ” super was possible from a fer- 
tilizer distributor fitted to an Avenger aircraft flying at a height and 
speed suitable for hill country. Rapidly changing strength and direction 
of wind would cause vagaries in the distribution of fertilizer to be over- 
come only by choosing suitable weather for field scale trials. The 
expeditious loading and delivery of the fertilizer coupled with the satis- 
factory spread warranted further trial on a field scale in order that 
costs and practicability could be further investigated. 


Table I. Sieve Analyses -Bulk Samples 
Superphosphate used in Ohakea trials, 21.9.48 


Sieve 

Number. 


4 

10 

20 

40 

60 

80 

100 

100 


Sieve Hole 
Size, 
(in.) 


0,197 

0.0787 

0.0331 

0.0165 

0.0098 

0.0070 

0.0059 

0.0059 


Percentage of Fertilizer Retained 
on Each Sieve. 


Hillside 

Super. 

Commercial 

Super. 

88.9 

0.0 

7.5 

0.0 

0.7 

12.6 

0.6 

47.5 

0.3 

16.0 

0.2 

8.5 

0.4 

4.25 

0.9 

10.3 


Raglan Field Trials 

Typical hill country with poor access and sloping steeply from 600 ft. 
to 200 ft. elevation was chosen on the late J. B, Vowles' property at 
Te Mata, south of Raglan. On this farm a moderately good mixed 
pasture of ryegrass, cocksfoot, dogstail, danthonia, white clover and 
subterranean clover had been established during the previous 25 years 
on hitherto heavy mixed podocarp iforest land. 

T^e Air Force photographically surveyed the location and prepared 
a flying plan and organized 3-way radio communication between ground, 
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air and base staff. Smoke indicators were lit and moved over appro- 
priate distances prior to each flight. 

The Avenger aeroplane operated from Kukiihia Aerodrome some 
20 miles distant, and after an establishing run was made, came in over 
the ridge and descended parallel to the slope of the trial area. 

Officers of the Soil Fertility Research Station, Department of Agri- 
culture, who undertook to measure the ground di.stribution and collate 
the information on the subsequent response to “ super placed boxes 
padded with scoured and weighed wool at intervals over the 27 acre 
trial area. During the operation the ground distribution was directly 
checked after each run by collecting and counting the granules that 
fell on a unit square yard, and the information was communicated to the 
Control Officer. 

I'rom the flying point of view the trial was very satisfactory, but 
unfortunately the super])hosphatc did not flow freely owing to the high 
proportion of fine material in the samiile. 1'his was apparent in the 
field, as the first “ hail of piellets which hit the ground in approximately 
12 sec. was followed some seconds later by much finer particles and 
finally dust. However, for the third and final trip) the more granular 
sacks of “ super ’’ were chosen and the load dispatched in runs over 
the target area as originally p)lanned. 

The Department of Agriculture reported that 

1. the wool-padded boxes placed on a series of piarallel lines along 

the f)roposed lines of flight trapped the falling fertili/.er at the 
average rate of 13.5 g. per sq. yc\. or 144 lb. per acre ; 

2. from the square yard wire frames used additionally in transverse 

sampling of the entire area an average of 6.7 g. per sq. yd. 
or 72 lb. per acre for 49 samplings was obtained. 

Allowing for a 50 p)cr cent, recovery by this method owing 
to the fine material present, these sample weights compare 
favourably with the box samplings. 

3. the total of tons dropped on the target area of 27 acres indicated 

an average distribution of 1| cwt. per acre. 

4. an analysis a composite samj^le of the super from 32 sacks 

was as follows 

Table 11. Analysis of Hillside Superphosphate Used in Raglan Trials 


Retained on i in. sieve 25.1 per cent. 

Passed ^ in. and ,, ,, » 8.9 „ 

(f i t, •, ,, A '» ** 

» * .. .. iV .. .. 7.8 

Passed jA 52.5 ,, ,, 


(Only 25 per cent, of this sample was retained on the i in. sieve) 

The ground measurements made, correlated well with the total 
weight dropped when allowance was made for the unexpectedly large 
proportion of fine material in the sample, some of which probably 
drifted with the wind off the area. 

In view of the fact that by double screening the manufacturers can 
assure supply of a satisfactory uniform sample of hillside super ” 
in future, the field trial must be regarded as being highly satisfactory in 
proving the practicability of aerial topdressing of average New Zealand 
hill country. 
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Aeroplane Distribution of Seed Mixtures 

Further investigation of seed sowing from the air was necessary to 
determine the practicability of the operation in view of the widespread 
need to promote soil conservation by introducing legumes onto North 
Island hill country pastures and grasses and legumes onto South Island 
high country native pastures. In the past surface sowing trials have 
proved to be effective overseas (1) (2) and in New Zealand in assisting 
the recuperation of this country notably at Molesworth, Mt. Pisa and 
on The Bluff s ” Bun. 

From earlier experience in the sowing of lupin seed on sand dunes 
and the application of cobalt and copper sulphate on trace-element 
deficient areas* A. M. Prichard, pilot to Aerodrome Services, Ministry 
of Works, designed and fitted a wSuitable hopper in a Whitney Straight 
light aeroplane capable of carrying 400 lb. of seed. 

A venturi was arranged to effect a forced dispersion of the seed as it 
flowed from the hopper by gravity, and the controls were designed to 
regulate the rate of flow according to speed and height of the aircraft 
and provide a constant 10 lb. per acre distribution of the mixture sown. 

Calibration and Distribution Trials 

These were carried out at Rongotai Aerodrome using a mixture of 
grasses and clovers suitable for high country containing clovers (white, 
red and subterranean), grasses (cocksfoot and brown top) and yarrow. 

In the first trial, flying at an altitude of 100 ft. into a 17 miles per 
hour wind at a speed of 100 miles per hour, the brown top and yarrow 
components of the mixture drifted down wind by more than ri(K) yd. 
and could not be recorded . 

Counts were made of all seeds falling in alternate square yards 
across the line of flight and recorded. 



Fig. 7. — Distribution of Seeds released from a plane flying at 100 ft. 
height into 17 miles per hour vrind. 


Two trials were subsequently made under calm weather conditions, 
at 200 ft. and 400 ft. flying height with the composite mixture of grass 
and clover used in the first trial in order to determine the pattern of 
<fKstributibn under ideal conditions. Counts of seeds were made directly 
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on the Tarmac using a unit square yard in the first trial, and in the 
second the seed falling was collected on sheets of cloth 20 sq. ft. in area 
placed at 5 ft. centers across the line of flight. 

The ground distribution of the different types of seeds dropped in 
the three trials are indicated in the following table and in the accom- 
panying graphs (Figs. 7-9). 

Table 111. (Irounu Distribution ok Seeds dropped from Aircraft at 
Heights of 100 ft., 200 pt and 400 ft 



Rate 

No. of seeds 

Width of 

Average No 

Average No 


per 

required per 

Distribution 

of seeds 

of seeds 

Seed 

Acre. 

sq. yd, at 

(yd.) 

per sq. yd 

per sq yd 


(lb.) 

rate intended. 


Flving height 





over 10 vd 

100 ft 





swathe. 

Cocksfoot 

5 

500 

40 

80 

221 

Red Clover 

2 

88 

20 

30 

55 

White Clover 

1 

100 

14 

132 

184 

Subterranean 

1 

20 

8 

18 

17 

Clover 






Flying height 





over 17 vd 

m ft 





^ioathe. 

Cocksfoot 

5 

500 

48 

:^06 

540 

Brown Top 

i 

i 

1550 

20 

81 

84 

Yarrow 

360 

22 

99 

108 

Red Clover 

2 

88 

30 

41 

72 

White Clover 

1 

100 

18 

50 

156 

Subterranean 

1 

15 

28 ! 

18 

18 

Clover 

1 


1 

' _ 1 



Flving height 




- . . . . _ 

[ 

over 3U vd 

'400 ft 





swathe 

Cocksfoot 

5 

500 

76 

204 

415 

Brown Top 

i 

1550 

63 

402 

.788 

Yarrow 

1 

360 

60 

37 

85 

J<ed Clover 

2 

88 

50 

88 

160 

White Clover 

1 

100 

42 

171 

246 

Subterranean 

I 

15 

50 

15 

26 

Clover 







From the graphs of distribution of individual components of the 
mixture a compromise was made between effective ground distribution 
and suitable flying height to determine the distance between the 
parallel flights. 

On the Soil Conservation Reserve, Omarama, 100 acres of severely 
depleted and eroded North Western dopes of Omarama soil type were 
seeded at approximately 10 lb. per acre with a mixture of cocksfoot 
6 lb., brown top ^ lb., white clover 1 lb., .subterranean clover 2 lb., and 
yarrow } lb. per acre. 
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A temporary landing strip from which the machine operated was 
made on the adjacent flats by filling in some rabbit warrens, and the 
Army provided walkie-talkie equipment to provide communication 
between the observer on the hillside and the pilot when he landed to 
re -load. 

Despite a wind of 20-25 miles ])er hour velocity the trial was carried 
out and a satisfactory ground distribution was obtained by flying on 
approximate contours working in parallel strips 2 chains apart from 
the base towards the top of the slope. The fact that the whole operation 
was carried out in approximately 1 hour indicates the possibilities of 
cheaply sowing very large areas. 

‘ Campden " Auatcrc Valley 

Arrangements were made to sow’ a 50 acre trial block on the property 
of Mr. I. Cameron w^ho had successfully surface sowm depleted pastures 
in the past. Ideal ground conditions were obtained at the close of the 
frost season (Se[)tejnber *'i0th) when the loose cracked soil was still 
moist. 

However, on this typical high country (3,000 ft.) with its steep 
slopes and deep valleys, upper wind conditions were found to be dan- 
gerous for fl 3 dng, although the ground weather conditions w’ere ideal. In 
the runs made it w^as pos.sible to lap the seed sowm on each run but the 
winnow'ing effect of the clovers from the grasses in falling resulted in 
separate strips of these being sowm on the ground. This would, however, 
be of little practical consequence if a large area was sown in a steady wind. 
Reports from ground obsi’rvers confirmed the satisfactory spread of 
the .seed on the ground. 

(lisborne Hill Country 

An earl 3 ^ trial w’as made with sowing one jxmnd per acre each of 
white clover and lotus major on this well grassed but clover-deficient 
hill country. Mr. Madden, Assistant Director, (irasslands Division, 
undertook the mea.suring of distribution. 

Plates filled with w^ater were placed 5 paces aj)art in the valley, on 
the slope, and along the top of the ridge to measure the distribution. 
The .seed collected in the plates indicated a fairlj^ .satisfactory^ distri- 
bution but considerable variation in the numbers of seeds collected in 
some j)lates illustrated the effect of wind in modifying the fall of the 
seeds. However, stock would play a big part in furtlier distributing 
seeds produced by the established plants. 

('onclusions 

The aerial distribution trials have proved that fertilizer can be 
dropped from aircraft successfully within the desired limits of accuracy, 
provided the ballistics of the fertilizer are reasonablj’^ uniform, and the 
aeroplane has satisfactory ])erformances under the conditions of terrain 
involved. 

From the preliminary measurements made of the distribution of grass 
and clover seeds from beneath the fuselage of a single engined plane, the 
indications are that satisfactory distribution and control of the indi- 
vidual components of the mixture is not obtained owing to the varying 
ballistics of the seeds. To some extent the prqbletn was solved by 
sowing across wind in the field trials where a satisfactory distribution 
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of the larger seeds was reported on the ground. The necessary control 
of the seed would appear at this stage to involve pelleting or cementing 
seeds into larger aggregates for aerial distribution. 

Investigation Necessary 

These trials have brought into sharper focus the need for considerable 
investigation in four major allied fields if this work is to be developed 
effectively. 

1. Aviation : 

Further information is required on the ballistics of falling particles 
(pellets of fertilizer and seed), the effect of wind, suitable containers and 
mechanical means of discharge, flying techniques on varying terrain, 
the effect of meteorological conditions on the periods suitable for flying 
in various regions, ground and air control of topdressing operations and 
design of types of aircraft most suitable for seed and fertilizer distribution. 

2. Materials : 

Investigations are needed to improve the efficiency of materials from 
the distribution and agricultural aspects. These. involve concentration 
of the fertilizer and improvement of its chemical and physical charac- 
teristics to assure lack of corrosion of the container, freedom of flow 
and control of the material during operations. Variation in chemical 
content of fertilizers and in mixtures of seeds will probably be required 
to suit different regions. Further investigations are necessary into the 
release of seeds from various places on the aircraft and on cementing them 
into aggregates over which greater control may be obtained. The 
availability and cost both of fertilizer and seeds are of considerable 
importance. 

3. Transport and Economics : 

Thorough investigation is necessary to evaluate the costs of aerial 
and normal topdressimg in order to define the areas best serviced by each 
technique. Availability of and supply of fertilizer to aerodromes is 
basic to costing which may best be done on a self-contained commercial 
basis when suitable equipment and methods have been evolved. When 
these questions have been determined the most suitable method of 
allocating the cost among those receiving benefit — the landowner, the 
Catchment Board, the Air Force and the State — could be investigated. 

4 Agriculture : 

Information should be obtained relative to the total areas requiring 
seeding and topdressing, their location, the type of country and general 
topography, the proportion of Crown and private property, the most 
suitable seeding and fertilizing period, the most effective management 
before and adter fertilizing or seeding, and the most critical areas from 
soil conservation and flood control points of view. 

With this information available the Council will be in a strong position 
to organize a service that will help to achieve its purpose of soil con- 
servation and flood control combined with the maintenance of perma 
nent production from the land. 

APPENDIX 

Since these trials were commenced farmers have taken an active 
^terest in aerial seed sowing and have contracted with Mr. T. J. Lucas, 
C^Etoaging Director of Southern Scenic Airtrips Ltd. to sow portions of 
'ij^r pr^rties as follows : — 
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Mr. Scaife, Wanaka - 1,5()() lb. of seed was sown at the rate of 10 lb. 
per acre (approx.) at a cost of £10 for the aerial distribution. 

Mr. Strain, Lake Hayes — 1,800 lb. of seed was sown in 2 hours at the 
rate of 10 lb. per acre and at a cost of £10 : 10 : 0 for dis- 
tribution. 

^ Me.ssrs. Saunders and Nelson, Crown Terrace -2,000 lb. of seed was 
sown in 2 hours at the rate of 10 lb. (approx.) per acre at a cost 
of £10 for distribution. 

Wintersloe Run, Methven, a contract has been undertaken to sow 
5,000 acres with a 10 lb. mixture of cocksfoot and white 
clover at an approximate cost of £166 for distribution. 
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REVIEW 

THE USE AND MISUSE OF SHRUBS AND TREES 

AS FODDER 

IMPERIAL AGRICin.TUKAL BUREAU JOINT PUBLICATION 

No. 10 (1947) 

pp 231 + XXXV, Price 9/- (sterling). 

The importance of this subject, cho.sen for a joint publication by 
three of the Imperial Agricultural Bureaux, has been expressed ade- 
quately in the opening sentence: “ It is a humbling fact for grass pasture 
experts to realise that probably more animals feed on shrubs and trees, 
or on associations in which shrubs and trees play an important part, than 
on true grass or grass-legume pastures, short and tall grass ranges and 
steppes As far as is known it is the first attempt to cover the subject 
comprehensively. I"or this rea.son it is necessarily sketchy but has served 
to draw attention to the lack of precise knowledge on the subject and to 
the paucity of investigation and research proceeding over the vast areas 
concerned. What was originally intended to be a compilation of uses '' 
has turned out to be equally a compilation of “ misuses for the grazing 
of these areas is usually uncontrolled and closely connected with erosion 
problems and in places with forest management problems. 

The main body of the publication consists of a series of contributions 
by local workers in many countries. Owing to lack of contributors from 
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Africa (other than the Union), India and Ceylon and the Mediterranean 
Lands, Near and Middle East these have been written up by R. O. 
Whyte, the Director of the Bureau of Pastures and Field Crops. Con- 
tributions cover Australia and its several states, New Zealand, South 
Africa, U.S.S.R., United States of America and Canada. An omission 
would seem to be some of the northern European countries other than 
Russia. Much stock is for instance depastured in the forest areas of 
Scandinavia. A section of Latin America has been omitted because the 
subject has been rieviewed in Bulletin 36 of the Imperial Bureau of 
Pastures and Field Crops, “ The Grasslands of Latin America 

A chapter on the chemical composition and digestibility of fodder 
shrubs is included. This consists of a compiled list giving the results 
of all analyses made of these plants together with a reference to the 
original work. The publication is well rounded off with indices of 
audiors and investigations, plant orders, genera and species, a key to 
common plant names, a geographical index, addresses of contributors 
and seventy illustrations. Apart from its value to workers interested 
directly in the subject the publication contains a wealth of information 
on plant geography of arid areas. 

^ A. L. P. 

AN INHERITED STRAW WEAKNESS IN WHEAT 

By S. W. Boyce, Wheat Research Institute, Christchurch, New Zealand* 

(Received for publication, 1st September, 1947) 

Summary 

Evidence is given fgr the presence of a single gene causing pronounced 
vreakness of straw in a Triticum vulgare cross. 

Introduction 

Mechanical breakage of straw in wheat frequently lowers the number of 
ears harvested and it is generally observed that the loss due to straw 
break is more serious in some varieties than in others. However, while 
straw weakness is selected against in economic breeding work, this 
character has not been studied genetically. The following analysis of 
an apparent single gene segregation for straw weakness is therefore 
published, with some reservations as to the reliability of the data which 
were recorded for a different purpose. 

Materials and Method 

The inheritance of yield and its components was being studied in 
a Triticum vulgare cross between the lines S 1556(Pi) and S 357(Pa). 
In recording number of ears per plant (e), the number of mature straws 
from which the ears had been lost by breakage {e^) was recorded for each 
plant, for the purpose of correcting total yields in the final analysis. 
These breakages may have occurred while the crop was standing in the 
field, during harvest, or in the final handling of the plants, and no attempt 
could be made to determine the cause of breakage in any plant. It was 


* Now Botany Division, Departm^it of Scientific and Industrial Research, 
Vt New Zealand. 
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clear however, that one parent line suffered a much greater amount of 
damage than the other, the F^, Fg and F3 being intermediate in this 
respect. 

The design of the exjjerimcnt precludes the possibility of experi- 
mental bias ; it was sown in eight beds, each bed being composed of 


Generation . 

Pj and P2 
Fi 
Fa 
F3 


Number of Plots. 

Number of Plants per P 

11 

25 

1 i 

25 

1 1 

1 50 

18 1 

1 50 


Within each bed parent j)lots, chosen at random, alternated with groups 
of two hybrid plots, these also being randomized. Plots were harvested 
in the order in which they were grown, and handled in approximately 
that order in recording e and e,,. 

The assumption of a single gene difference between and \\ is 
tested in two ways : (1) The whole of the data is used as it was re- 

corded, Vq plot means being used as estimates of Fg plant means, and 
compared with theoretical Fg values based on Pj, Pg and F^ plot means. 
(2) Samples of equal numbers of plants have been drawn at random 
from each generation, Pj, Pg and F^ distributions being used to test 
expected Fg and F3 plantwise distributions. 


Results 

In Table I the number of broken straws is expressed as the percentage 
of total ears within each bed, and over all beds. 


I'AULK I. Summary of Percentagk Straw-break per Bed 


Cienera- 
tion . 


F2 

Fi 


Percentage straw-break per lied 


I Per cent . 

I straw-break 


over all 


1 

2 

3 

4 

5 

6 

7 

8 

beds 

14.4 

8.6 

5.7 

27.6 

17.4 

18.1 

22.9 

17.2 

15.9 

3.7 

0.6 

2.2 

2.9 

4.6 

3.6 

1.9 

2.9 

2.8 

12.8 

3.4 

2.2 

4.6 

1 9.6 

0.6 

7.9 

14.0 ! 

1 6.8 

4.5 

6.6 

5.0 

5.6 j 

36.2 

8.0 

2.2 

7.1 i 

i 8.4 

7.7 


2.9 

7.8 

6.1 

5.6 

10.1 

9.2 1 

1 6.9 


From these figures it is apparent that the F„ Fg and F3 are approxi- 
mately intermediate in value, but approach Pg rather than Pj. This 
may be due to a slight degree of dominance for strong straw, and at the 
same time, to geometric gene differences. In addition there is a marked 
correlation between mean and standard deviation of the parents and F^: — 



I’l 

P* 

i 

Mean 

15.9 

2.8 

1 6.8 

Standard deviation 

12.2 

3.3 

1 5.1 


Since there is no genetic variation within parents and F^, it is apparent 
that environmental, as well as genetic, variation is geometric. There- 
fore, geometrically increasing class intervals are used in studying the 
frequency distributions over all plots. The first class is based on one 
third of the standard deviation of Pj, including all values from 04 per 
cent., the second class covers from 5-16 per cent, and the third from 
17 per cent, upwards. In Table II is shown the actual distribution of 
percentage breakage per plot, based on this classification. 
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Table II. Freouency Distribution of Percentage Straw-break per Plot 


Generation . 


Pi 

p. 

F* 

k 


Numbers of plots in groups classified for 
percentage straw-break. 


0-4 

Per cent. 

5- 16 

Per cent. 

30 

10 

5 

14 

3 

5 

1 

6 

56 

61 


17 Per cent, 
upwards. 


0 

16 

0 

1 

12 


Total. 


40 

35 

8 

8 

129 


wiien aominance is siigiu, as m uus uic 

taken as estimates of the genetic values of the Fg plants which gave rise 
to them. Using the actual Pj, Pj and distributions we can therefore 
construct theoretical F 2 distributions for comparison with the actual F 3 
data. Assuming a single gene difference between Pj and Pg, the Fj 
distribution shohld be composed of IPj : 2Fi : IPg. Since the actual Fj 
is composed of 129 plots we may take 128 as a close approximation to the 
actual number ; this would give a distribution of 32Pi : 64Fi : 32p2. 
Actual Pi, P 2 and F^ distributions have been transformed into these 
proportions and^ summed, giving a theoretical distribution for com- 
parison with the actual (Table III). 

Table 111 . Theoretical Reconstruction of F 8 Plot Mean 
Percentage Cf , Frequency Distribution 


Generation. 

Numbers of plots in groups classified for 
percentage straw-break. 

Total. 

0-4 

Per cent. 

5-16 

Per cent. 

17 Per cent, 
upwards. 

Pi 

24.00 

8.00 

0.00 

32 

^2 i 

4.57 

12.80 

14.63 

32 

f: ! 

24.00 

40.00 

0.00 

64 

Theoretical Fg j 

52.57 

60.80 

14.63 

128 

Actual Fs 1 

56.00 

61.00 

12.00 

129 

Difference 

-3.43 

- 0.20 

-1-2.63 

1 

X* 

0.22 

0.00 

0.47 

0.69 


{ 



0 

1 

PU 


The X* value (0 .69, P = 0 .7) shows that there is no significant difference 
between the theoretical and actual distributions. The single gene 
assumption is therefore not disproved by this analysis. 

In order to test the single gene assumption further, a random sample 
of 150 plants was drawn from each generation, e and e^, being summed 
for each sample (Table IV). 

Table IV. Distribution of Plants Classified According to 
Number of Breaks per Plant 


Generation. 

- - - - - - * 

Number of breaks per plant. 

Total Bff 

Total e 

0 

1 

2 

3 

14-8^ 









dass : — Pi 

82 

35 

20 

8 


125 

740 


128 

>6 

2 


0 

32 

866 


114 

22 

9 


1 

60 

923 

A’ S* 

107 

30 

7 


4 

69 

802 


112 

22 

7 


5 

70 

753 
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From these data, theoretical Fg and Fg plantwise distributions liave 
been constructed, based on the equations Fg * IFj + 2Fi -f IPg and 
Fg 3Pi + 2Fi + 3Pg. Agreement is again fairly good: - 


Class. 

Fg Actual Distribution 
•Fg Theoretical Di.stribution 
X* 

Total X* = 6.24, P -= .2 


Class. 


h'g Actual Distribution | 
•Fg Theoretical Distribution! 
X* 

Total X* - 7.02, 1' = . 15 { 


0 

« ! 

2 

3 i 

4-8 

107 

30 i 

7 

2 1 

4 

109 

24 1 

10 

^ i 

2 

0.04 

1.50 

1 

0.90 

1.80 1 

1 " .J 

2.00 

0 

i 1 

1 

2 


4-8 

112 

1 22 

7 

‘i 

4 i 

5 

107 

I -** I 

11 

0 

2 

0.25 

0.17 * 

1 .45 

! 6.07 

4.50 


• For inethcKt of construction of theoretical distributions see 'I'able 111 


The above comparison is based on equal numbers of plants. Since 
the samples did not have ecjual v values, a final comparison lias been made 
after .adjusting all lines to the same e (740) as P,. using the equations 

Fj 1 t 21*', f 1 Pgf,.. and 
Fgfj ^ |- 2F,<'„ , 31V* • 

P* , I'l l‘s 



740 

740 

740 

740 

740 

Actual 

125 

27 

42 

84 

H9 

ICxpected Cf, 

125 

27 

42 

59 

1 

1 88 


Agreement is again quite good. 

It is therefore concluded that a single f:ene or closely linked gene 
complex determines the difference in strength of straw, between S357 
and SI 556. 


NOTE ON THE 

ESTIMATION OF BACTERIAL POPUIATIONS 

By P. B. Hutchinson, Plant Diseases Division, Department 
of Scientific and Industrial Research, Auckland 


In the course of W'ork involving large numbers of ap])roximate popula- 
tion determinations, a simple meter which uses cultural opacity as a 
criterion proved invaluable. If approximate estimates are sutficient. 
determination by relative opacity has several advantages over dilution- 
plate and microscopic-techniques; time and labour are reduced to a 
minimum; there is no loss in volume or risk of contamination in re- 
peated estimations of the same culture; both live and dead organism^ 
are included in the estimation. 
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The apparatus ( Fig. 1 ) consists of a lamp-house which directs light 
through the sample to be estimated. An adjustable diaphragm is located 
between the light-source and the sample tube. The tube-holder is slotted 
and allows a narrow beam of light to pass through the tube to an ord- 
inary photo-electric exposure meter. This gives a direct reading of the 
light transmitted by the sample. 

'Phe culture tubes are previously selected to conform to uniform 
diameter and viall thicknesses, thus eliminating errors which would arise 
<lue to varying optical properties of different-si ^ed tubes. To correct 
errors due to change in light-intensity a constant voll.ige source is used. 
The diaphragm allows standardization of the instrument against check 
tubes in each experimental series. 

The instrument is calibrated empirically against culluies of which 
fKipulations ha\e been jirexiously determined microscfipically It is thus 
possible to compute the cur\e correlating population with rtlative cul 
tural opacity. Kecalibration is advisable for each new batch of medium 
used; errors arising from ^arying light-scattei and wa\ e-length are thus 
minimized. 
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LIGHT LEAF-SPOT OF BRASSICAS 

By H. C. Smith, Plant Diseases Division, Department of Scientific 
and Industrial Research, Auckland 


(Hecewed for publuaiiot?, Jst Jmte, JUiH) 


Summary 

1 Light-U*af-spot of brassicas caused by Ctloeosporium loncentricum is 
widely distributed on cauliflowers in market gardening areas near 
Auckland city. 

2 Degree of infection varied from 0 to 100 per cent, in different crops. 

3 (‘haracteristic symptoms are leaf distortion and the ])re.sence of super- 
ficial white spore masses on leaves 

4 '1 he disease is of little economic importance, its effect on yield and quality 
being slight 

5 'fhere is considerable variation in varietal susceptibility, a number 
of late maturing cauliflowers and one cabbage variety being immune. 

0 'fhe causal fungus grows readily on a variety of media but grow'th is 
slf )W . 

7 Infection was secured in both field and cold frame by artificial inocu- 
lation of plants, sMuptoms appearing alter 20 daxs. 

Intkodvction 

Lic;ht-i.i.ai-sp<)*i of brassicas is widespread in l^ngland where it has 
been recorded on broccoli*, cauliflowers and spring cabbage (Moore, 
1943). The fungus causing this disease was recorded in New Zealand 
by (Tinninghain (1944) under tlie original name Cylindrosporium con- 
centricum (irev. ex Fr. Use of the combination Gloeosporium con- 
centricum (Cirev,) Berk, and l^r. has been recommended by the British 
Mycological Society (Moore, 1939), since retention of the species under 
Cylindrosporium would so alter the concept of this genus that changes 
in 155 specifle names would bectime necessary. 


Inciuknck 

Light leaf-spot is widely distributed on cauliflowers in all market 
gardening districts in the vicinity of Auckland. Occasionally cabbage 
plants also are attacked, but in three cabbage crops at Fukekohe no 
infected plants were seen. 

On cauliflowers incidence of light leaf-spot varied from nil to 100 
per cent. In most crops where the disease was present every plant was 
infected but there were wide differences in the amount of leaf area 
affected. To secure information concerning severity of attack the 
approximate percentage of leaf area diseased was used in assessing degree 
of infection. For the purpose of comparison three grades were used : 
(a) Nil — no infection, (b) moderate — 0-50 per cent, leaf area diseased, 
(c) severe — 50-100 per cent, leaf area diseased. Degrees of infection 
in the crops inspected are shown in Table I. 


* In this paper broccoli varieties are included as late maturing cauliflowers. 
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Table I. Degree of Light-leaf-spot Infection on Cauliflowers 
IN THE Auckland Area 




1 

Number of Crops infected. 


District. 

Season . 

(percentage leaf area infected) 

No 

Infection . 

0-50 

per cent. 

50-100 
per cent 

Total No 
Crops. 

Mangere 

June- July 

9 

4 

[ 1 

14 

Pukekohe 

June- July 

3 

2 


5 

Avondale 

July-August 

1 

1 

0 

! 

1 

20 



* 

. 

L 



In no case did the disease appear to be of economic importance. 
The single instance of severe infection was a poorly grown crop of an 
early maturing variety grown out of season. The crop at Avondale 
showing 50 per cent, infection was again recorded after marketable 
cauliflowers had been cut, to measure the losses caused by this disease. 
One tenth of the cauliflowers had been rejected for various reasons, 
e.g. small size, and open curd, but only 20 per cent, of these showed 
severe infection with light leaf-spot. Thus the number rejected because 
of this disease cctuld not have amounted to more than 2 per cent, of tin* 
total crop. 


Symptoms 

The disease may be found at any time of the year, but appears to 
develop most readily under cool rainy conditions and on slow growing 
plants. The main symptoms in the field are distortion of leaves, and a 
white film of spores. Lesions occur independently on both leaf surfaces 
and on stems as circular or irregular light coloured patches surrounded 
by concentric circles of small white spore masses (Fig. 1). The most 
characteristic symptom of severe infection is malformation of leaves 
(Fig. 2). Size of lesions* varies from about half an inch to three inches 
or more in diameter. Infection of the whole leaf surface has been 
obtained by artificial inoculation, but is rare in the field. Spores are 
pushed out in minute white tendrils on to the leaf surface. These 
tendrils are flattened by dew or rain to form a white film resembling 
spray residue. Heavy rain however, quickly washes away the spores. 
Irregidarly shaped black spots may appear in the positions previously 
occupied by spore tendrils, but these are superficial only. A later 
symptom of severe infection is a silvering of the leaf surface, caased 
by lifting of the cuticle. 


Growth in Culturk 

The fungus was isolated by transferring spores from a diseased 
cauliflower leaf to cabbage leaf extract agar (200 g. cabbage leaves, 
plus 2(X) ml. water, plus 8 g. agar agar). Subsequently the fungus was 
transferred to potato dextrose agar, prune agar, malt agar, and Czapek’s 
synthetic media. It spored freely except, on Czapek's media, on which 
it remained sterile. Growth was slow on all media. Optimum tem- 
perature for growth in culture was found to be 20‘=’c. 


Morphology 

Devdopment of the fungus in the leaf is superficial, as hyphae are 
^ only withm the cuticle. Spores are budded off from thickened 
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hyphae whicli form an acervulus also in the cuticle (Figs. 3 and 4). As 
spores increase in number pressure rujitures the cuticle and they are 
forced through the opening forming a tendril. Spores from cauliflower 
leaves have an average si/e of lO.Oft y 2.4/i and a range of 6.5 to I4fi 
y 2 to 3fi. These dimensions are in agreement with measurements 
recoided by 1 homson (1935) Spores are allantoid, often slightly curved, 
single celled (or occasionally one-septate) and have rounded ends. They 
germinate with a single polar germ tube, usually forming a septum 
acToss th(» spore somewhere between the centre and the germ tube end 



Fig. 2. J^fl • healthy cauliflower Right . severely infected 
cauliflower with distorted leaves 
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Inoculations 

Cauliflower seedlings of Phenomenal Early variety were grown in 
April and planted both in the field and in tlie cold frame. They were 
inoculated at fortnightly intervals with spores firstly from diseased 
leaves and later from culture. All plants became infected 20 days after 
inoculation both m the field and in the cold fiame 
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Kesistanck 

An unnamed cauliflower variety inoculated under the same con- 
ditions as Phenomenal Early failed to develop infection. This indicated 
the existence of resistant varieties, and suggested the necessity of 
classifying them. Twenty-three varieties of cauliflower and four of 
cabbage were tested for resistance to light-lcaf-spot. Plants were 
raised in a cold frame, each variety l)eiiig represented by one S'" pot 
containing 24 plants. When six inches tall they were inoculated by 
means of a hand atomiser with a wrater suspension of spores from potato 
dextrose agar culture. After inoculation plants were placed in a cabinet 
for 24 hours at 18 c and 100 per cent, relative humidity. They w^ere 
then replaced in the cold frame for three weeks. At the end of this 
period spots were sufficiently wtII developed for differences in resistance 
to be determined. Two grades of infection were recorded ; viz. Mode- 
raieiy susceptible with less than half the leaves infected and Ver\ 
susceptible with more than half the leaves infected. Results are 
shown in Table II. 


Tahi h 11. Varietal Kksistanc l of C ai^i iflow^er ani> Cahkac.i 
SK hDLiNGS TO G tomentriium 



Immune 

Nil 



L'a.uhtlo>vor, 

Pally 

Matin mg 

.Moderately 
j Susceptible 

i Very 
Susceptible 

* Nil 

\ll tli<» Yeai 

Round 

Kails J^undon 

Late .Metropolc 
Novo 

Pbenomenal Kails 

Phenomenal 

Maine rop 
Snossball \ 

Snoss ball 

Southern ('loss 
Suptn Snowball 

Veitc'hes \utumn 
Chant 

Witches Self 

Pi otecting 
\\ ale heren 

Caulirtower, 

Late 

.Maturing 
(Hioci oil) 

Innnuno 

Mtxleratelv 
^ Susceptible 

Late ()ueen 
Penzance 

* Roscoff No 1 

* Late White 

t 

Rose off No 4 
Satisfactor> 

St. (ieorge 

Snows \\ inter 
White 


1 Win 
S usceptible 

Karls \Miite 

Speeds Phenomenal 


C'abbcigt* 

Inniume 

Knlield Markc't 




1 - 

' Mexierateh 

1 ICarly Market 

(.mlden Xc'ie 

Jerses of 


, SiiMeptiblo 


W akftield 


! Vor\ 


I Nil 


Siisco[)tiblt* I 


To test resistance imder held conditions inoculated cauliflowei 
plants of eleven varieties w'ere growm in the held during the summer 
months of December. January and February. Results w^ere similar to 
those obtained in pots ; the different varieties showing the same relative 
resistance. 

C ontrol 

There is no record of light-leaf-spot becoming serioius enough to 
warrant use of contnd measures. Immune varieties of cauliflow'crs and 
cabbages have been found and although the former are all late maturing 
varieties, these could be grown if the disease should assume economic 
importance. 
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SULPHUR DIOXIDE AND STORAGE LIFE OF 
DEHYDRATED APPLES. 

1 

By J. L. Mangan, Plant Chenustiy Laboratory, Department of 
Skrientific and Industrial Kesearch, I’almerston Nortli 

{Received for publnatton, 30ih Afnil, 104H) 


Summary 

The retention of sulphur dioxide and storage life of dehydrated apples 
parked in standard cartons depends on the variet> and storage lemperature 

A cellophane wrap was found necessary for the effective retention of 
sulphur dioxide and rapid losses occur in packets of apples which have been 
partly used • 

The loss of sulphur dioxide is roughly proportional to the titratable 
aridity and recommendations have been made that the acid varieties Ballarat 
and Washington should be marketed first, followed by Ciranny Smith, States- 
man, Jonathan and Dunns 


iNTRODrCTION 

The dehydration of apples in New Zealand, which developed during the 
war, has now been converted to normal commercial practice, the apple 
slices being placed on the market in { lb. cardlioard cartons with a 
cellophane over-wrap. The present work was carried out to investigate 
the effects of variety, sulphur dioxide content and temperature on the 
storage life of dehydrated apples under these conditions, and in addition 
to determine whether the cellophane over-wrap improved the storage 
life of the product. ^ 

Storage at Room Temperatures and at 24 *^ 0 . 

The dried apples were obtained from the dehydration plant containing 
only a trace of sulphur dioxide. Prior to dehydration the apple slices 
had been treated with a sulphite dip to prevent browning during de- 
hydration. The residual sulphur dioxide was determined and as in the 
commercial process, metabisulphite added to bring the sulphur dioxide 
content to the required levels. The varieties Jonathan, Dunns, States- 
HDgn, Wawn^on, Ballarat and Granny Smith were obtained, and 
l^ples of each variety were brought to levels of 50, 100, 250, 500, 1,000 
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and 2,000 parts per million of sulphur dioxide. The | lb. samples were 
weighed out, sprinkled uniformly with the calculated weight of sodium 
metabisulphate, which was itself checked for purity, packed into cartons 
and sealed with cellophane (Sidac 300 M.S.T.). Six samples at each 
sulphur dioxide level were prepared for each variety, three for warm 
storage and three for room temperature storage. The warm store was a 
Pinex ’’ lined room fitted with a fan and maintained at 24 ®c. (75®f.) 
by thermostatic control. Room temperatures during the storage period 
were normally in the range li8°-20°c. but dropped considerably on 
frosty nights. Sulphur dioxide, colour formation and moisture content 
were determined on the samples during storage. 

Sulphur dioxide was determined by the A.O.A.C. Monier-Williams 
method (1), and colour was measured by a colorimetric method as 
T()llows : — 

10 g. of minced sample is soaked for IS min. in 1(K) ml. of 
aqueous alcohol (2 alcohol : 1 water) and then blended in a Waring 
blendor. The macerate is filtered through fine glass wool and allowed to 
run until optically clear. A sample is then taken and the brown colour 
measured in a Coleman spectrophotometer using a wavelength of 
425 m/i. The extinction value is a direct measure of the amount of 
browning which has occurred in the sample. 

Moisture was determined by drying for six hours in high vacuum 
at 65^c. 

It was intended to carry out two analyses on each packet, re.sealing 
with cellophane after the first determination. This procedure, however, 
was found to give consistently low results for the second analysis as is 
shown in the sulphur dioxide graphs for Jonathan and Dunns, and a 
corresponding abnormal increase in colour formation. It was therefore 
possible to carry out only one analysis per packet at two monthly 
intervals instead of the intended monthly analyses. This abnormal 
loss of sulphur di<»xide could be due (1) to merely opening the packet or 
(2) to a more rapid loss of sulphur dioxide from a half filled packet than 
from a filled one. In a later experiment where a portion of a packet was 
packed tightly into a screwtopped jar, this loss was not observed and 
hence the second explanation is probably correct. 

The figures for sulphur dioxide, colour and moisture content are 
given in X^ble I and for ease of comparison they are plotted in Figs. 1 
to 12. 

In general all the varieties stored at room temperatures kept re- 
markably well. By comparing extinction values with visual colour 
estimation it was found that an extinction value of .200 corresponds to 
a slight browning in the apples while a value of .250 corresponds to a 
definite brown tint, at which stage the appearance would be considered 
unattractive. To be on the safe side the end of the storage life was 
taken as the point where the colour graph passes through the extinction 
value of .200. It should be noted that the end of storage life was de- 
termined by the formation of colour in the dehydrated apple itself, and 
that cooking tests were not carried out to determine flavour and 
appearance after cooking. By this standard, all the varieties at all 
sulphur dioxide levels kept for at.lei^t three months at room tempera- 
tures, The colour graphs however varied greatly and were rising with 
different slopes. Thus in all the samples of Ballarat the colour graph 
reached the extinction value of .200 within the storage period. In the 
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higher sulphur dioxide levels of Washington and Granny Smith, however, 
the storage life was not completed in this time and an approximate 
value for the storage life was obtained by extrapolating the final section 
of the colour graph to the extinction value of .200. Ip the case of Dunns, 
and to a lesser extent Jonathans, colour formation was so slow that no 
estimate could be made of the storage life. Table fl gives the storage 
life in days for each variety at each sulphur dioxide level. 


Table I NT0K\IU. 01< DKHYliRATEl) APPLKH 4T Koou Tkmi»kk\ti kfk at 24'’r 

AT DiFKJiRBNT HrLPHUR DfOXfDK LKVFL*^ 
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Tahlb II. Storage Life at Room Temperatures at Different 
Sulphur Dioxide Levels 


Variety. 

50 p.p.m. 
SO*. 

100 p.p.m. 
SOj. 

250 p.p.m. 
SOg. 

500 p.p.m. 
SOg. 

1000 p.p.m. 

2000 p.p.m 

SO. 

1 

Ballarat 

104 days 

100 days 

1 16 days 

120 days 

136 daws 

154 days 

Washington 


132 

140 .. 

156 

250* .. 1 

250* 

Granny Smith 

136 „ 

136 .. 

142 ., 

192* „ 

165* .. 

180* 

Jonathan 

96 .. 

176 .. 

v.l. 

v.l. 

v.l. 

v.l. 

Dunns 

v.l. 

v.l. 

v.l. 

v.l. 

v.l. 

v.l. 

Statesman 

1 

156 .. 

202* „ 

260* „ 

v.l. 

v.l. 






..... 





Note : (1) Slight variations from these sulphur dioxide levels occur and can 
be seen in Table 1. 

(2) • Indicates figures determined by extrapolation. 

(3) v.l. Indicates very long storage life. 

Thus 500 parts per million of sulphur dioxide, which has been the 
recommended quantity, will keep BaJlarats for four months, Washington 
five months. Granny Smith five and a half months. Statesman nine 
months and Jonathan and Dunns for a very considerable time at room 
temperatures. The addition of the maximum of 2,(X)0 parts per million 
of sulphur dioxide to Ballarats however, only extends the life to five 
months and (iranny Smith and W'ashington to an estimated six and 
eight months respectively. 

The warm storage figures show the same effect in an exaggerated 
manner. On the warm storage figures the varieties can be classified 
into groups thus : - 

A. Ballarat and Washington. 

The colour graphs for these varieties are very steep and sulphur 
dioxide is lost very rapidly. By comparison of the graphs for storage 
at 24®c. and at room temperatures it is seen that the relatively small 
rise in temperature causes a much greater formation of colour and 
accelerates the loss of sulphur dioxide. 

B. CMranny Smith, Jonathan and Dunns. 

The slope of the colour graphs in these varieties at 24°c. is moderate. 
Comparison of graphs shows that warm storage causes only a slight 
increase in the rate of loss of sulphur dioxide, but that colour formation 
is quite markedly increased. 

C. Statesman. 

The sulphur dioxide curves are not very different in warm storage 
and at room temperatures. The slope of the colour curves is small 
and increase in colour formation due to warm storage is not very great. 

This grouping is in agreement with the titratable acidity figures 
which are given in Table III. These figures were not determined on 
the dehydrated apples as they came to hand since the pH was expected 
to be more important, but were obtained from fresh apples in 1945. 
Stunner, a very important variety not included in these storage trials 
has a titratable acidity of 135, and from this it can be judged to lie 
between Granny Smith and Ballarat, with a short storage life probably 
approaching that of Ballarat and Washington. The pH seems to be of 
little significance. 
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Table UI. Titratable Acidity and pH 


Variety. 

Millilitres O.In. NaOH/100 g. fresli tissue. 

pH. 

Washington 

166 

3.48 

Ballarat 

165 1 

3.21 

Granny Smith 

79 

3.54 

Jonathan 

77 

3.47 

Dunns 


3.44 

Statesman 

64 

3.90 


The behaviour of Dunns is anomalous, since although at room tem- 
perature sulphur dioxide is lost more rapidly than in Statesman, colour 
formation is definitely less. In warm storage, however, it behaves 
normally. Sulphur dioxide is lost more rapidly than in Statesman 
while the rate of colour formation is so much greater that Dunns falls 
into the group with Jonathan and Granny Smith. 

Note on the Value of Warm Storage Experiments 

Generally speaking, warm storage of dehydrated apples at 24°c. 
gives a fair indication of the storage life to be expected in ordinary 
stor^e, in that the varieties can be classified into groups, but an exact 
relationship is not obvious. The “ average slo])es ” of the colour graphs, 
i.e., the total vertical height divided by the corresponding horizontal 
distance, both measured in units of length, are given in Table IV. 

Table IV. Average Slopes of the Colour Graphs 


SO 2 Level. 

Ballarat. 

Washington, 

Granny Smith. 

Jonathan. 

Dunns. 

Statesman 

50 p.p.m. 

2.74 

... 

1.28 

1.17 

0.99 


100 „ 

2.69 

2.21 

1.03 

1.06 

0.96 

0. 70 

250 

2,59 

•2.10 

0.82 

1.01 

0.85 

0.60 

500 

2.32 

1.49 

0.44 

0.68 

0.53 

0.52 

1000 ,, 

1.84 

1.28 

0.46 

0.38 

0.24 

0.22 

2000 „ 

1 .09 ! 

0.41 

! 

I 0.41 ; 

j 

0.05 

0.05 

0.20 


Within the range 50 to 500 parts per million of sulphur dioxide 
these values appear to fall fairly well into the three groups mentioned 
above. Thus group A has slope 3.0 to 1 .5, group B 1 .5 to 0.5 and 
group C 0 . 75 to 0 .5. This does not hold for samples containing 1 ,000 or 
2,000 parts per million of sulphur dioxide, while group C is not sharply 
separated from group B. A longer storage period, however, would 
probably have corrected these irregularities. It is considered from 
these results that storage at a higher storage temperature, say 37°c., for 
a shorter period would yield a similar but more clear cut grouping, and 
that ^ter correlating with ordinary storage figures a rapid warm storage 
experiment could be used to predict the storage life of an unknown at 
ordinary temperatures. 

The Effect of Cellophane Wrap on the Retention of 
Sulphur Dioxide 

The dried apple slices are marketed in i lb. standard cartons with a 
cdlophane over-wrap, and although this is partly to improve the ap- 
; pearance of the package it was considered that the cellophane would 
, l^bably re^d the loss by diffusion of sulphur dioxide. The material 
^ 4 *|ed was ‘ $idac ”, grade 300 M.S.T., which is heat sealing and partly 
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moisture-vapour proof. Six J lb. samples of Dunns were made to 500 
parts per million of sulphur dioxide and packed in cartons, half of 
which were sealed in cellophane and the remainder left unwrapped. 
The samples were stored at room temperatures and sulphur dioxide 
determined at monthly intervals. The results are given in Table V., 
and it is seen that even at room temperatures the cellophane had a 
marked retarding effect on the loss of sulphur dioxide. Without the 
cellophane the apples lost 86 per cent, of their sulphur dioxide in the 
first month, after two months all sulphur dioxide had gone, and after 
three months the sample had begun to turn brown, the storage life 
probably being between tliree and four months. The wrapped samples 
on the other hand still retained 150 parts per million after three months, 
and from the results of the above storage trials a stf)ragc life of 9 months 
or more could be expected. 

Table V. Barrier Effect of Cellophane on Loss of Sulphur Dioxide 



Cellophane Wrapped. 

rime (clays). 

SO* 

Colour 



— — - . - 

0 i 

500 p.p.m 

White 

34 

320 


62 

203 


92 

154 



I 'n wrapped . 

SO 2 . i Colour 

White 


500 p.p.ni 
70 
10 
10 


Slight brown 


The above results, which were obtained with the non-acid variety 
Dunns, would be even more striking in the case of acid varieties such 
as Ballarats or Sturmers. 


Loss OF Sulphur Dioxide from a Partly Used P.\cket of 
Dehydrated Apple Slices 

It was considered important to know for domestic purposes whether 
it was necessary to place any unused portion of a packet of apples in 
a closed container or whether it was satisfactory to leave it in the packet. 

Three 1 lb. samples of Dunns were made to 500 parts per million of 
sulphur dioxide, packed in cartons, scaled with cellophane and left for 
one month at room temperatures to allow the sulphur dioxide to become 
evenly distributed. The packets were then opened, each was divided 
into two parts, one half being packed into a .screw-topped jar (which 
was fairly tighdy packed) and the other half was replaced in the packet 
which was closed but not wrapped with celh)phane. Storage was 
continued at room temperatures and sulphur dioxide determined at 
monthly intervals. The results are expressed in Table VI 

Table VI. Loss of Sulphur Dioxide from an Opened Packet of Apples 



In screw- 

In cellophane ! 

In unwrapped 

Time (days). 

topped jar. 

wrap})ed packet. | 

|>acket. 

0 


i 500 p.p.m. ! 


34 


320* „ 


62 

234 p.p.m. 


62 p.p.m 

92 

190 


20 

126 

172 „ 


3 


(* Figure assumed from previous experiment .) 
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As was expected the portion left in the packet lost sulphur dioxide 
very rapidly, while that in the jar retained it somewhat better than the 
unopened cellophane wrapped samples of the previous experiment. 
As in the previous experiment the results would be accentuated in the case 
of acid varieties of apples. 

Recommendations 

The results obtained in the investigations justify the following 
recommendations. 

(1) The minimum initial sulphur dioxide content required to keep 
dehydrated Statesman, Jonathan and Dunn apples until new season’s 
fruit is available is 500 parts per million. 

(2) The minimum sulphur dioxide level for other varieties is 1,000 parts 
per million, but even at this level the storage life of Ballarat, Granny 
Smith and probably Sturmer apples is not likely to exceed 6 months. 

(3) The order of marketing the dehydrated product should be Ballarat, 
Washington, Granny Smith, Statesman, Jonathan and Dunns. 
Although dehydrated apples of the Sturmer variety were not included 
in these trials it is considered that these .should be marketed about the 
same time as the Granny Smith product. 

(4) It is reconimended that cartons be over-wrapped with a grade of 
cellophane which is impermeable to water vapour and to sulphur dioxide. 

(5) It is suggested that the directions on the cartons should include 
a recommendation to the effect that if a portion of the contents of a 
carton are to be kept for some time, this should be transferred to a 
screw-topped jar or other air-tight container of suitable size. 
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TESTS WITH D.D.T. AND GAMMEXANE ON THE LARVAE 
OF A DERMESTID BEETLE (ATTAGENUS SP.), A PEST IN 
SOME NEW ZEALAND WOOLLEN MILLS 

By R. A. Harrison, Assistant Entomologist, Plant Diseases Division, 
Department of Scientific and Industrial Research 

( Received for puhticaiion, ISth February, 194H) 

Summary 

The larvae of a Derxnestid beetle ( Attagenus sp.) damages cops of spun 
yarn in some New Zealand woollen miUs. Tests are described in which the 
toxicity of D.D.T. and Gammexane to these larvae is estaUished. 

It is shown that scoured wool impregnated with a solution of D.D.T. in 
acetone at rates of 2 per cent., 5 per cent, and 10 per cent. D.O.T. by weight 
of wool, cauaed mortalities of 28.1 per cent., 29.2 per cent, and 38.3 per 
cent, of larva® r^pectively after 18 days exposure and mortalitiet of 58.2 per 
cent., 81 .7 per cent, and 82.5 per cent, respectively after 35 days exposure. 
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1948) Harrison — ^Tests with D.D.T. and Gammexane on 

THE Larvae of a Dermestid Beetle ( A ttagenus 
sp.), a Pest in some New Zealand Woollen Mills 

Treatment of scoured wool with an acetone solution of benzene hexa 
chloride at the rate of 5 per cent, of the gamma isomer by weight of wool 
caused complete mortality of larvae within 18 days. 

D.D.T. incorporated in a neatsfoot batching oil emulsion and applied 
to scoured wool at the rate of 0.57 per cent. D.D.T. by weight of wool gave 
an average mortality of 75.2 per cent, of larvae in one test of 17 days 
duration and 72.5 per cent, in a second test of 14 days duration. 

Continued contact of larvae with D D.T. is neccsscirv to secure adequate 
control. The nature of the D.D.T. deposits on the wool and their signifi- 
cance in relation to mortality is discussed. 


Larvae of a Dermestid beetle (Attagenm sp.)* commonly called the 
“ Woolly Bear cau.se considerable damage in .some New Zealand woollen 
mills to cops of spun yarn in store. Damage inflicted is characteristic 
in that larvae eat their way towards the centre of the co'ps and in doing 
so, weaken or break numerous parts of the thread, rendering it unusable. 
In this paper are described experiments to determine if treatment of 
scoured wool with D.D.T. or (iammexane would protect wool against 
the.se larvae. 

Methods and Rksi’lts 

It was first necessary to determine if D.D.T. and (iammexane are 
toxic to these Derme.stid larvae. Once this was established it was 
then necessary to ascertain if the toxicant could be incorporated in one 
of the mill processes. Preliminary^ tests were therefore undertaken with 
treatments of wool using acetone solutions of D.D.T. and (iammexane, 
followed by te.sts with 1).D.T. in a batching oil. 

Wool used in the experiments was scoured fleece. Attagenus sp. 
larvae collected from damaged cops in a .store room several days before 
the tests were commenced, were fed on scoured wool until reejuired for 
the experiments. The D.D.T. used contained 99-100 p)er cent, para 
para isomer, w'hile crude benzene hexachloride containing 13 per cent. 
,of the gamma isomer w^as the .source of (iammexane. The batching 
oil was neatsfoot oil. 

All experiments were conducted in the laboratory in glass petri- 
dishes, 3 in. diameter and i in, deep. In each dish approximately 
0.6 g. of wool was placed, this being of such a bulk as to fill the dish and 
allow the lid to fit tightly. Twenty larvae of uniform size wTre placed 
in each dish ; small larvae w'ere not used. The petri dish containing 
wool and larvae was then placed in a larger dish, which acted as a trap 
for larvae which might escape and the whole left undisturbed in the 
laboratory. 

Tests u'iih Acetone Solutions, 

Acetone solutions were used on the wool as follows : Four samples 
of wool, each 10 g. were taken from the scoured fleece and 50 ml. lots 
of acetone containing 0.2, 0.5, and 1,0 g. D.D.T. and 3.86 g. of crude 
benzene hexachloride were added to give 2 per cent, 5 per cent, and 10 
per cent. D.D.T. and 5 per cent, (iammexane by weight respectively. 
The volume of acetone was sufficient to wet the wool thoroughly without 
leaving any residue unabsorbed. The acetone was allowed to evaporate 
inunediately after application of the solution, evaporation being has- 
tened by use of a small blower. Portions of each sample were then placed 
in petri dishes. 

• Identified by the Commonwealth Institute of Entomology. London. 



ERRATA 

Vol. 29, No. 1, (Sec. A), "Analysis of New Zealand Greasy Wool 
Production, 194344 Season " ; Page 23, Table III. 

Fleece wool 546,011 68.60 

should read 546,011 68.67 

Eyeclips, brands, crashed da 3 rs, and black wool 2,662 0.40 

should read 2,662 0.33 

Page 24, Table IV. 

Carding 379, 963 

shoiUd read 379, 938 


Vol. 28, No. 4, (Sec. A), " The polarc^raphic Estimation of Ascorbic 
Acid in Milk ’’ : Chs |^e 269 under Tiiration meOtod, fourth line ^tould 
read "solution containu^ 0.1 mg. per millilitre.” 

On page 272, line 17, shotdd read " cysteine step was found not to 
be affected.” 


Vol. 28, No. 3, (Sec. A), " Characteristics of Milk-Section Curve of 
Normal Dairy Cows”: Page 203, Table IL The heading "M.S.” 
shotdd be headed " t ”. 

Page 205, last paragraph, line two. The hyphen between the words 
" one ” and “ Quarter ” shoidd be omitted. 
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During treatment the solution tended to accumulate in the denser 
parts of the wool mass and to drain to the bottom as evaporation pro- 
ceeded, with the result that the deposit of insecticide on the fibres was 
heavier in these parts than elsewhere. An effort to overcome this defect 
by teasing out the wool before addition of the solution was only partially 
successful. Because of this unevenness of deposit and because the 0 .6 g. 
portions of the wool actually placed in the petri dishes were taken from 
those parts of the 10 g. samples which did not contain an obviously 
heavier deposit, the percentage of insecticide on the tested wool was 
probably below the figure aimed at. 

Six replications of treatments and checks were included in the tests, 
('hecks comprised untreated wool and wool soaked in acetone alone. 

Larvae were placed in each dish on 12th September, 1946, and 
mortality counts were taken on 30th September and 17th October. 
When mortalities were being recorded it was observed that some of the 
larger larvae had pupated during the test period. Pupae were included 
in the count as live larvae. Results are given in Tables T and II. 

Tahil I Effect on Larvae of 4Uageuus si* of D 1) 1 /Xcetone and 

(iAMMEXANE/ACETONt XPPLIFD TO SCOPRED W OOl 18 DaYS EXPOSURE 

' (beck I 2 S 10 S 

Check Wool ) jx?i cent pei tent percent percent 

Wool and Are- I DDT D 1) I D D 1 ('.amma 
onh tone onlv I isomer 

- . - I 

Mean percentage | 

mortaht> 2 6 18 | 28 1 29 2 38 3 , KM) 

Mean equivalent i , 

angle 7 1" 4.S ^ 31 4 32.2" i 37.1 | 90 0° 

Standard error 3.8“ 

Pifferenre required for significance at 5 per cent level 1 1 02 


1 \BLL 11 EF^FCT ON LaRVAE OF ittagenHS SP OF T) J) 'I /VCFTOM* Vppi ied 
TO ScotT*REi> Wool 35 Days Exposure 



(heck 

Check. Wool 
and acetone 

2 cent ! 

5 per cent 

1 10 per cent 


\N ool onlv 

onh 

I) 1) T j 

DDT 

1) n T 

Mean percentage 
mortality 

4 6 

1 6 9 j 

.W.2 ^ 

81 7 

82 a 

Mean equivalent 
angle 

9.8 

1 1 

13. 2‘ 1 

49 9’ j 

65.1 

1 66.8° 

Standard error — 4.1® 






Diffen»nce rcHjuirod for significance at 5 per rent level 11 9 
Tests uith Batching Oil, 

Tests using a neatsfoot oil emulsion containing D.D.T. were carried 
out after completion of the acetone solution trials. Neatsfoot oil is one 
of the common batching oils used in New Zealand mills and is frequently 
used in a formula which results in the wool containing approximately 
6 per cent, of oil. In these tests a similar formula was used and the 
method of application to the wool was the same as that used in mills. 
The emulsion was prepared as follows ' 

2 ml, neatsfoot oil containing 8 per cent, w/v D.D.T.* 

1 ml. emulsifier made by dissolving bar soap in water. 

7 ml. water 

* This was a saturated solution of D.DT. 
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This was heated to 120 ^f. and sprayed onto 1 oz. of wool by means 
of an atomizer. The treated wool contained 0.57 per cent. D.D.T. by 
weight. The wool was left undisturbed for several days to allow excess 
water to evaporate. Portions were then placed in petri dishes and larvae 
added. The experiment included six replications of treatment and 
checks, the latter consisting of scoured wool alone. Tests were com- 
menced on 26th October, 1946, and mortality counts were made on 
12th November. Results are recorded in Table III. 


Table HI. Effect on Larvae of Attagenus sp. of D.D T./Xeatsfoot Oil 
Emclston .Applied to Scoured Wool. 17 Days Exposure 


Keplications. 


1 

2 

3 

4 

5 
8 


Mean 


\ Percentage Mortality. 


Check ‘ 0..S7 per cent. D.D.T 


.S.S 
0 
0 
0 

0.9 j 75.2 


100 

47.3 

94.4 

68.4 

75.0 

65.0 


Tests with neatsfoot oil were repeated on 31st March, 1947, to check 
results of the previous experiment. On this occasion a test with wool 
treated with neatsfoot oil emulsion, but without D.D.T., was added. 
There were six replications of each treatment. Mortalities were recorded 
on 14th Ajiril, results being given in Table IV. 


Vable IV. Kffe('t on Larvae op Attagcnti> sp of D.D r /Ne.atsfoot Oil 
Emulsion .\pplikd to Scoured Wool 14 Days Exposure 



Check 

Check 

i 0.57 

1 

I 

Wool and 

per cent 

! 

! 

Wool only 

enuilsion only. 

i D.D T 

Mean i>crcontagc | 

i 



mortality 

2.5 ■ 

5.0 

72.5 

Mean equivalent angle 1 

H.r 

12.6 

61.6" 


Standard error - 4.6’ 

Difference required for signiHcance at 5 j>er cent level -- 13.9'' 


After mortalities liad been recorded all live larvae from the six 
dishes containing wool treated with D.D.T. /neatsfoot oil emulsion 
were placed in another disli containing scoured wool only. Seven days 
later 18.2 per cent, of these larvae were dead and after 5J months the 
mortality was 45.4 per cent. 

Discrssiox 

The toxicity of D.D.T. to Attagenus sp. larvae has been established 
in all tests. Results of the acetone solution trials (Tables I and II) 
show that at the level of significance stated there was no significant 
difference between the three D.D.T. treatments after the 18 day period ; 
after 35 days, however, a significant difference was apparent between 
the 2 per cent, and 5 per cent, and 2 per cent, and 10 per cent, treat- 
ments, but not between the 5 per cent, and 10 per cent, treatments. 
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The tests with Gammexane have shown that it is highly toxic to the 
larvae, much more so than is D.D.T. at the same or double the dosage 
of active insecticidal material (Table I). Under conditions of the tests, 
however, it is possible that this insecticide exerted some fumigant 
action which increased the kill. An objectionable feature of the use of 
crude benzene hexachloride was the fact that the wool was stained a 
dull red. As this would be undesirable in mills, tests with this material 
were not carried further. 

An examination of the mean percentage mortalities in Tables I and 

II in relation to the duration of the tests shows that the action of D.D.T. 
on these larvae when it is applied to wool in an acetone solution is 
comparatively slow. The maximum kill of all treatments was 82.5 per 
cent, after 35 days. This apparent slowness may be due to the fact 
that, when applied with acetone. D.D.T. is deposited in the form of coarse 
crystalline masses which adhere loosely to the fibres. The physical 
nature of the deposit possibly has some bearing on the relative slowness 
of the toxic action, as D.D.T. in large crystal form has been shown to have 
no marked lethal effect on bed bugs (Cimex lectularius L.) when com- 
pared with D.D.T. deposited as minute crystals (Barnes, 1945). 

Results from the tests using D.D.T. in neatsfoot oil emulsion (Tables 

III and IV) shbw that D.D.T. in this form gave a more rapid kill of 
larvae than when deposited from an acetone solution. This can be 
accounted for by the fact that the oil solution of D.D.T. whicli remains 
on the fibres after the water has evaporated from the emulsion docs not 
volatilise and leave crystals of D.D.T. to any extent. Consequently 
the larvae, when working their way through the wool, become coated 
with the solution. D.D.T. is thus brought into intimate contact with 
the entire body surface and being in an oil solution is more readily 
absorbed through the integument than when present in crystalline 
form. 

That oil when used alone did not have any toxic effect on larvae 
under the conditions of the tests is shown in Table IV where there is no 
.significant difference between the two sets of checks. 

Continued contact with D.D.T. appeals necessary foi .satisfactory 
results. It has been shown that after 14 days exposure to D.D.T. 
emulsion on wool, of larvae which were alive at the end of the period and 
which were transferred to wool uncontaminated with D.D.T., only 18.2 
per cent, or 5 per cent, of the original total were dead after a further 
seven days. The amount of D.D.T. absorbed during the 14 days was 
not sufficient to cause death in all larvae as at 5J months a percentage 
was still alive and these subsequently pupated and emerged as adults. 

In the light of results obtained in these experiments, application 
of D.D.T. in neatsfoot oil emulsion offers a promising means of control 
of larvae in woollen mills. Further work is needed to determine whether 
D.D.T. in the oil will remain on the fibres in sufficient concentration to 
be toxic to larvae after the wool has been carded and spun into yam. 

Reference 
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COPPER DEFICIENCY OF ONIONS GROWN ON PEAT. 
1. PRELIMINARY REPORT 

By A. F. R. Adams, Canterbury Agricultural College, 

Lincoln, New Zealand 

[Received for publication, 23rd June, 194S) 


Summary 

A preliminary account is given of a copper deficiency of vegetables, 
particularly onions, grown on an acid peat soil near Christchurch, A signi- 
ficant response to a foliar spray treatment using copper sulphate has been 
obtained. A more extensive trial is proceetling. 

IXTRODITTION 

Historical 

Thk stimulating effect of copper on plant growth, particularly on jieat 
soils, has been noted by many workers. Felix (1) obtained improved 
growth of plants by the application of copper sulphate, both as a soil 
amendment and as a foliar spray, and Allison, Bryan and Hunter (2) were 
able to produce crops on previously unproductive peat by the use of 
copper sulphate. Similarly Bryan (3) obtained greening in chlorotic 
leaves of plants from the Florida Everglades soil by treatment with 
solutions of copper and manganese salts. In Northern Europe, Kitzema 
(4) and Hudig, Meyer and Goodyk (5) showed that copper sulphate was 
effective in controlling Reclamation disease " which occurred on soils 
largely rich in humus. 

However, these experiments and many others, while indicating 
the beneficial effect of copper on the plant, did not establish final proof 
of its essentiality to plant growth. The first evidence in this direction 
was given by Sommer (6). Using specially purified salts she showed 
that tomato, sunflower and flax plants failed to make normal growth in 
the absence of copper. Under similar conditions Lipman and Mackinney 
(7) showed that barley was unable to produce seed. Since that time, 
solution culture work has shown the necessity of copper for the normal 
growth of a wide range of plants. 

It is now generally accepted that copper should be placed in the 
category of essential elements. 

The use of copper salts applied as sprays to the crop or as an appli- 
cation to the soil to correct deficiencies is now widely used in many areas 
in other countries, especially on market garden crops grown on peat 
soils. 

To date there is no record in New Zealand of deficiencies of copper 
affecting plant growth, though Cunningham (8) has demonstrated the 
effectiveness of applications of copper sulphate in correcting peat .scours 
in cattle and enzootic ataxia in sheep grazed on copper deficient pastures 
on peat soils in the Waikato and other areas of New Zealand. 

Experimental 

Although vegetables for the Christchurch market are grown in many 
areas, the production from the peats and peat loams round the Marsh- 
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land district represents a major portion of the total. Much of the most 
intensively farmed peat areas has been cropped for upwards of forty years 
but additional blocks have been cleared and developed within the last 
ten years. 

On a visit in January, 1947, to a farm on one of the recently developed 
blocks of acid peat soil (pH 4.5 — ^5.0, with 70 per cent, organic matter) 
it was noted that the crop of onions was very poor and showed many 
patches where the plants had made practically no growth and others 
where they had declined after approximately eight weeks’ growth 
(4-6 inches). 

The symptoms suggested the probability of trace nutrient deficiency. 
A trial area was marked off and replicated plots were given spray ap- 
plications of the following elements : manganese, zinc, copper, molyb- 
denum, boron, magnesium, nitrogen, phosphorus and potassium. At 
the time of application all the onions were in very poor condition, the 
majority showing the symptoms described later. The trial area was 
visited one month later and the following results noted. 

With the exception of the copper treated plots, no visible improve- 
ment was apparent ; in fact, in most instances the plants had deteriorated. 
The two copper treated plots showed a marked improvement.* Though 
at the time of treatment the plants were dying back and in many in- 
stances were very nearly dead, they had made a remarkable recover\^ 
and considerable new growth was evident (Fig. 1 ). 



Fig. 1. — Copper deficiency of onions. 

I .eft, portion of control plot Right, portion of copper treated plot. 


The mode of application of the copper was as follows - One ounce of 
copper sulphate was dissolved in 2i gallons of water, a wetting agent added 
and the solution watered directly on to the plants. This quantity was used 
on an area of 15 sq. yds. 
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Fig. 2 shows typical onions from the copper treated and control plots 
one month after treatment. 1'he marked resp(»nse is clearly shown, 
both in foliage and in the development of the bulb and roots. 



Fig. 2 -Cop]jer dctiriency of onions 
I -eft. ropper treiiloci oiiioiih one month lifter Ireatmeni 
Kight, control No copper 


Symptoms of Ct)PPKR D.ffu ikncv 

The physiological symptoms of coj)per deficiency for some })lants. such 
ascer(‘als and citrus trees, have been fully described in the literature, but 
those for onions have received less attention from workers in the field. 
However, Harnier (9) quotes poorly coloured onions and tops dying back 
prematurely from the tips as indicative of copper deficiency ami these 
.symptoms are confirmed b)^ Knott (10) and Muckenhirn (II). J. J. 
Skinner in Hambidge (12) lists the following symptoms as characteristic : 
leaves failing to maintain firmness, and foliage chlorotic with a bleached 
appearance; while Hrenchley (13) states that chlorosis of leaf tips is 
very usual, and cites jxior grow^th, with many plants failing to reach 
maturity as other synqitoms w'hich sometimes occur in cases of copper 
deficiency of plants. The symptoms ob.served during the course of the 
trial agreed with those quoted above and can be summarized and 
extended as follows : 

Leaven, 

Somewhat paler than usual with some slight chlorotic mottling, 
accompanied by loss of turgor (the older leaves being most affected), from 
the tips downwards. These leaves later bend back, wither and die 
back to the point of bending. 
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Rtdb and root development. 

Bulbs poorly developed, the maiority failing to mature, with many 
actually going back in development and finally withering. Root system 
very weak. 

Copper Content 

The above evidence for a deficiency of copper is further supported by 
analyses of the onions for copper content, using the method of Clare, 
Cunningham and Perrin (14). The copper contents of three samples of 
onions from the trial area and of one sample from the treated plots are 
given in Table I. Included also in this Table are figures for a normal 
onion crop grown on a different soil type and figures cited by other 
workers. 


Table I. Copper Content of Onions 
(p.p.m. on moisture-free basis) 


i 

Untreated 

Onions. 

Treated 

Onions. 

1 

Normal 

Onions. 

( 

Uindow, 1 
Klvehjem ; 
and Peterson j 

j 

Remington ! 
and 1 

Shiver 
(16). 

Coleman 

and 

RupreclU 

(17) 

4.5* 

2.8 

3.2 

7.1^ 

9.2t 

8.8 

1 

' 13.5+ ‘ 

i 

11. St 

13 16+ 


• Whole plants. t Bwlb only. 


Other crops, viz., lettuce and red beet, growing on similar soil, showed 
poor growth and it was thought probable that this was another mani- 
festation of the same trouble. Carrots, swedes and pritatoes appear to 
be less affected than arc other vegetable crops. 

A more extensive trial to measure the relative effectiveness of foliar 
spray and light and heaVy soil dressings was laid down on this area in 
September, 1947, and work on this trial is proceeding. Marked yield 
responses to applications of copper sulphate have been obtained and it 
is proposed to deal fully with this work in a paper to be published later. 
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SPECTROPHOTOMETRIC DETERMINATION OF COBALT 
IN PASTVRES AND ANIMAL TISSUES 

H\ K .] ^ft N \r<. HI, Kuakuia Animal Uoseaicli St.ition, 
Department of Af?iicultiite, Hamilton* 

{ But It I d lo! puhln aiiott 2 ltd i hfht i, Ft 17) 


Summar\ 

(1) \ ])i(Kodni( t<n the piepaiation ot solutions loi spec ttophotoinetiu 
nuasuienient of cobalt is descnlHHl hlhei c*\tiaction of non is neiessan 

(2) \bsoiption spcstia ot the' cobalt compU*\ and the reagent, befoit and 
aftei nitric acid tieatnu'nt aie pieseiited 

(3) 1 he data suggest that toi duett appluation ot s])ei liophotoinetiic 
inethtHls, ineasiiiernents are most stitistactoic at 540ni^ piocideti the solu 
tions aie shielded from dav light 

(4) hoi solutions freed from excess reagent l)\ tieatment witli hioinme- 
watei measuTements are liest made at 4S0m/Li Spc'cial prec .unions to exc lude 
daylight aie unnet essan Hiomme-A\ater treatment piotluies no maiked 
change in the absoiption s|H'ttium of the cobalt t omplex 

iNTROmCTlON 

Thu mam dilficultics encouiiteicd in tlie visual measurement ot the colour 
of the cobalt complex with nitroso K-salt (1) (2) result tiom the piesence 
of the residual coloui due to excess reagent. The partial destruction 
of the excess reagent by nitric acid introduces a very labile yellowish 
component, the intensity of which is affected by the amount ol nitric 
acid used, the final boiling time, the volume of the final solution, the 
amount of buffer added or of salts piesent, the age of the solutions and 
the degree of exposure to sunlight. 

Possible methods for eliminating these difficulties due to excess 
reagent are : (a) reduction in amount of reagent used, (b) elimination 

of the final nitric acid treatment, (c) complete destruction of the excess 
reagent colour, (d) use of spectrophotometric methods. The first three 
methods have been found to be unsatisfactory for the following 
reasons : -- 


* Now on staff of Soil Fertility Research Station, Hamilton 
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(a) It IS not safe to reduce the amount of reagent used since 
(i) the interaction between cobalt and nitroso R salt depends on an 
endothermic time leaction reaching equilibrium undei the particular 
conditions emplo>(d hence an excess of reagent is desirable to ensuic 
equilibrium at veiy low cobalt levels , (ii) the test solutions contain 
ions which from \arious evidence (1) (3) appear to form comparatively 
stable complexes at the leactne pH s foi the formation of tlic cobalt 
complex and therefore immobih/e pait of the reagent , (iii ) reducing 
and oxidi/ing agents readily attack the leagent hven the 1 ml 5 pei 
cent nitnc acid added to the solutions |ust prioi to the colour develop 
ment (2) oxidi/cs part of the reagent as shown by its effect on the equili 
bnum eoloui intensiU product d with a hxed amount of le agent b\ excess 
cobalt 

(b) It IS not conNcnient to dispense with the hnal aeid treatment 
as usuall} a solid phast separates fiom the test solutions at the reactive 
pH range and the excess nitiic acid is ie(]uiied to give clear solutions 
l^issibl} some othci strong but non oxidi/ing acid such as hvdrochlorie 
acid ma} be suitable for tins pui pose but tht solutions will still c ontain 
an interfeiing \ellowish eolour dm to unalteicd exeess leagdit and will 
be unsuitable foi visual matching without hlteis 

(c) Maistoh and Dewev s method (3) of destroying the excess u agent 
with bromine water was ajiplied but traces of non lemaimng in test 
solutions even aftei (thci ixtiaetion weie found to intcifin at low 
cobalt levels bv (hanging the eolour from faint pink to orange thus 
making visual matching impossible ( itrat( or pyroidiosphate failed 
to suppuss the non eolour (ven wlun adde'd to the limits of solubility 
probably because the solutions were so strongly acid Hov\(V(i undei 
good light conditions the eve can usually match the (olouis readily and 
with satisfactory aceiiiaiy when the excess icagent colour is piesent 
1 his is because the bae kground colour due to the exec ss le age nt is suffi 
eicntlv intense to be unaileeted by the piesenee of Naiiable small amounts 
of iron as found in the noimal method 

(d) \sit is de suable to eliminate subjective methods in the measure 
ments paitieulai attention has been elevoted to spec tiojihotome tru 
methods with the results re ported in this paper 

I xpi RiMi xrvi 

\hsorptwn sptitra of pun \olutwns 
Cohalt mtroso R ( ample \ 

\bsoiption curves obtained by means of the Hilgci medium ejuart/ 
spectrograph are shown in hig I I he cobalt complex in solutions 
containing no added nitric acid, shows a peak at about 41()m/A (e about 
48 000) a minimum at 348m/x (c - 28 000) a minor peak at 318m/x (c - 
52,000) a minor minimum at about 3()2mft (c ~ 48 (KK)) and beyond this 
the absorption increases rapidly to extremely high values in the far 
ultraviolet When nitric acid is present in the amounts used in the 
normal method (1) a similar curve is obtained to 340m/A beyond which 
observations cannot be made owing to strong absorption by the mtnc 
acid The molecular extinction coefficient, €. of the cobalt complex, 
deduced from absorption curves obtained with excess cobalt, excess 
reagent and reagent alone is approximately 43,000 at the 410m/i peak. 
Ob^rvations at wave lengths longer than 440m/A were made on the Cenco- 
spectrophotelometer with 7mft wave band 
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Kxact values for the molecular extinction coefficient of the cobalt 
complex have not been obtained partly because of difficulties experienced 
in the preparation of a reagent free from isomers and with a known 
amount of bound water. Although the kinetics of the reaction are 
imperfectly understood, it appears that the development of the cobalt 
complex depends on an equilibrium reaction, the complex being “ fixed ** 
by boiling with nitric acid. Different values for the apparent molecular 
extinction coefficient have been obtained at equilibrium according to 
the amount of excess reagent when the cobalt was kept constant or the 
amount of excess cobalt when the reagent was kept constant. When the 
reactant which was required in smallest amount, namely cobalt, was 
added in very great excess the equilibrium was shifted furthest towards 
a postulated 100 per cent, colour development. The complexity of the 
reaction may be still further accentuated if the suggestion (5) receives 
confirmation that part of the reagent, on the analogy of a -nitroso 
p -naphthol, is used up to oxidize the cobalt from the divalent to the 
trivalent form. However, this apparent need for quantities of reagent 
larger than the theoretical amount may merely be an equilibrium effect. 
Peroxide treatment of an acetic acid solution of cobalt, as used by Mayr 
and Feigl (6) for a -nitroso p -naphthol, failed to reduce the amount of 
reagent necessaiy for maximum colour development with a fixed amount 
of cobalt. In the tests carried out, more was needed, presumably because 
of partial destruction of the reagent bj^ oxidation. 

Reagent, 

For this work the Hilger medium quartz spectrograph, the Cenco* 
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Sheard spectrophotelometer (7 to 15m/x wave bands) and the ('oleman 
spectrophotometer (SSm/it wave band) have been used, but the results 
sliown in the figures were obtained with the first two instruments. The 
curves extending into the ultraviolet beyond 340m/x were obtained by the 
Hilger instrument. The wide band of 35m/x on the Coleman spectro- 
photometer precludes exact measurement of the extinction coefficient. 

The absorption curve for the reagent, in the absence of nitric acid, 
shows a broad peak at 372m/Lt (c = 6,800), a minimum at 312m/x (c - 
2,400) and beyond this sharply increases to high values in the far ultra- 
violet. After nitric acid treatment, the reagent peak at 372mfi is elimi- 
nated and the absorption steadily increases from 54()m/Li to the limit of 
observations at 340m/i. In such solutions daylight shifts the ab.sorption 
by excess reagent strongly towards the longer wavelengths but beyond 
vS40m/i this colour change is negligible (Fig. 2). This shows the calcu- 
lated absorption curves for the amount of reagent used in the method and 
for a typical amount of cobalt, as found in pastures and animal tissues. 
The graph clearly .shows the liglit labile nature of the excess reagent 
colour. 

Cobalt complex in presence of excess reafieni. 

Reference tvi Fig. 2 shows that, under tlie conditions specified in the 
method (2), the excess reagent colour absorbs so strongly at the 4l()m/i 
peak as to render measurement at this wavelength impracticable with 
amounts of cobalt below about 10/xg. At 560m;i the excess reagent coloui 
shows very slight absorption, whereas the cobalt coloin .still absorbs ap- 
preciably, the extinction being about 23 per cent, of tliat at the 4IOm/A 
maximum. The effect of light on tlie excess reagent is particularly 
marked at the shorter wave lengths from about 520m/i and tin* absorp- 
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tion curve rises sharply. Consequently the effective range over which 
estimation can safely be carried out with the spectrophotometer in this 
method is limited to about 520 to SSOm^i. Only at wavelengths longer 
than 56()m/x is absorption by the reagent unaffected by light. As the 
investigations into cobalt deficiency demand measurements at least down 
to 0.2/Ag. cobalt in 10 ml., 540m/i appears to be the most practicable wave 
length to use in the method outlined. The early model Cenco-Sheard 
spectrophotelometer with 1 cm. cells and the Coleman “ Universal ” 
photoelectric spectrophotometer were not quite as sensitive as desired, 
when used in the normal way. With the former instrument set at 540m/x, 
and 10 to 15m/i wave band, scale readings had to be used between 90 and 
1(X), outside the accurate range of the instrument. With the latter, 
measurements could be made at 540m/tA (35m/x wave band) down towards 
0.2/Ltg. cobalt, provided the null deflection method was used, (ireater 
accuracy should be possible with cells of longer light path or even by 
boosting the final colour intensity by addition of a known amount of 
cobalt, e.g. l^g. to the test solutions just prior to the colour development. 
In all the above work shielding the solutions from daylight is necessary, 
more particularly if measurements are made at wave lengths shorter 
that 550m/i. 

Solutions treated icith bromine -water. 

The similarity in absorption curves to those for untreated solutions 
containing excess cobalt (see Fig. 2) indicates that the bromine-water 
treatment produces no radical change in absorption spectrum of the 
cobalt complex over the range from to 340mft, though the molecular 
extinction coefficient appears to be reduced from about 43,0(K) to about 
36,000 at the 410m/A f)eak. 

Absorption spectra of pasture and liver ash solutions 

Especially in the ultraviolet, the absorption spectra of pasture and 
liver ash test solutions were found to differ slightly from those of the 
standards, owing to traces of iron remaining even in ether extracted 
solutions. 

The difference in absorption of light by ferric iron and by the cobalt 
complex was found to be sufficiently great, however, to enable estima- 
tions to be carried out between 460 and 560m/i, provided the bulk of the 
iron was removed by preliminary ether extraction. On the Coleman 
instniment results obtained with a typical amount of iron normally 
present in 10 g. “ clean pasture, namely Img., were about 13 percent, 
high at the I fig. cobalt level using 480m/Lt (SSrufi band), and about 65 per 
cent, high at the 0.2ftg. level. After ether extraction, the amount of 
iron remaining did not exceed 0.2 mg. At this level the interference was 
less than 3 per cent, for l/itg. cobalt and 13 per cent, for 0.2/Lig. cobalt, 
both these errors being within the apparent limits of accuracy of measure- 
ments at the.se levels. From the above considerations it appears that 
ether extraction of iron offers distinct advantages in the preparation of 
the test solutions, whether for direct spectrophotometric measurement or 
for measurement after destruction of excess reagent. In the latter 
method the wave-length of 480mfi appears to be the most satisfactory 
as the absorption curve of the cobalt complex is fairly flat and the ab- 
sorption reasonably high. 

Reference to Fig. 1 shows that, if some reliable treatment other than 
that with nitric acid, can be devised to give clear test solutions, it may 
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be possible to carry out direct measurements with instruments such as the 
Beckmann spectrophotometer at 312m/i. At this wave-length, in solutions 
containing no nitric acid, absorption by the excess reagent is at a mini- 
mum and the curve for the cobalt complex is comparatively flat. 

Conclusions 

The absorption spectra of the test solutions after ether extraction 
of iron do not differ significantly from those of pure standard solutions 
at the selected wave-lengths. 

For direct application to the determination of the cobalt complex 
in the presence of the excess reagent colour, measurements are best 
made at about 540mp, shielding the solutions from daylight. With 
longer wave-lengths interference by the excess reagent colour is much re- 
duced, but any advantage from this is offset by the diminished absorption 
by the cobalt complex. For higher levels of cobalt than arc normally 
found in pastures and animal tissues, shielding from daylight is un- 
necessary if readings are made between 560 and 6()0m/i, as the excess 
reagent colour is not affected by daylight over this wave band. 

Measurement of the colour intensity in solutions freed from excess 
reagent by means of bromine-water is best made between 460 and SOOmp. 
As the excess 'reagent is absent, no special precautions to shield the 
solutions from daylight are needed but exposure to direct sunlight 
should be avoided. Shorter wave-lengths than 460mp cannot safely be 
used, owing to increasing absorption by the traces of iron remaining 
in the solutions even after careful ether extraction. Even over the 
recommended range iron detectably interferes when its ratio to cobalt 
is greater than 1(W : 1. 

Method 

On the basis of the above experimental data and conclusions, the 
following method has been developed. 

f 

Asking : 

Kidson and Askew’s ashing method (4) is used. 

Preparation of solutions : 

For pastures a modified procedure is necessary U) eliminate iron. 
The ash is taken up in 20 ml, constant boiling point (20 per cent.) hydro- 
chloric acid, and the solution plus residues transferred to a beaker. 
The contents are evaporated fully to diyness on the sandbath and again 
taken up by boiling with 20 nil. 20 per cent, hydrocliloric acid and 
filtered, washing thoroughly with hot water. Three drops of concen- 
trated nitric acid are added and the solution is concentrated till pungent 
fumes of hydrochloric acid are evolved. The cooled solution is trans- 
ferred to a separating funnel, washing in with 20 per cent, hydrochloric 
acid. Iron is separated by two extractions with ether. The solution 
is evaporated to small volume, 1 ml. concentrated nitric acid added to 
destroy organic matter introduced with the ether and the contents evapo- 
rated fully to dryness on the sand bath to eliminate the aqua regia. 
(Note: &)lutions at the stage just prior to the colour development 
must be kept away from these fumes). A permanganate-like colour 
due to manganese usually develops under these conditions. Repeated 
evaporation to dr 3 mess with hydrochloric acid may be required to 
eliminate this comi>ound, which, if not destroyed, may subsequently 
'nterfere by oxidizing part of the reagent. To the cooled residue are 
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added 10 to 15 ml. of water, followed by 0.5 ml. of 20 per cent, hydro- 
chloric acid, etc., as in the normal method (2). For animal tissues no 
change in procedure is necessary. 

Colour development is carried out by the method previously described (2). 

Colour measurement : 

Two procedures are available 

(a) Direct spectrophotometric measurement * fn tiie presence of the 
excess reagent colour measurements are made at 540m/x, tin* solutions 
shielded from daylight. 

(b) Spectrophotometric measurement after destruction of excess 
reagent : The excess reagent is destroyed by the method of Marston 
and Dewey (3) ; 1ml. O.IN bromine-water is added to the hot solution 
after boiling witli nitric acid. The solution is allowed to stand for 5 
minutes and then boiled for 1 minute to eliminate excess bromine 
Measurement of the colour intensity is made at 4S0m/i. 
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SOIL DISINFECTION 

VIL COMPARATIVE VALUE OF FORMALDEHYDE 
AND OF PARAFORMALDEHYDE IN CONTROL OF 
VERTICILLIIJM-WILT 

By H. Jacks, Plant Pathologist, Plant Diseases Division, Department 
of Scientific and Industrial Research 

(Received for publication, 9th May, 1947) 

Summary 

Formaldehyde and paraformaldehyde were testinl for control of verti- 
cillium-wilt of tomatoes. 

Formaldehyde at a concentration of 0.8 per cent, (equivalent to 2 per 
cent, formalin solution), gave effective control of verticillium-wilt. 



116 


The N.Z. Journal of Science and Technology (Aug. 


Paraformaldehyde was not as effective at equivalent dosages but gave 
satisfactory results at higher concentrations. 

Paraformaldehyde caused less plant damage than did formaldehyde at 
equivalent dosages. Damage with either material was negligible, provided 
planting was delayed until 3 to 4 weeks after application. 


Introduction 

Reports received from growers suggested that the recommended 
formaldehyde treatment of 2 per cent, formalin (40 per cent, formal- 
dehyde), applied at rate of 50 gallons to 15 si\. yd. of soil did not give 
effective control of verticillium-wilt ( Vcriicillium albo^aintm R and /?), 
in tomato crops. It was also reported that formation of paraformal- 
dehyde precipitate which sometimes occurs during storage, resulted 
ih a loss of efficiency and caused damage to jilant growth. Inve.stigation.s 
described in this paper were undertaken to ascertain the comparative 
toxicity of formaldehyde and paraformaldehyde to vcrticillium-wilt 
of tomatoes and to determine their effect on plant growth. 


Method oh Inoculation of Soil 

Isolations from diseased plants were cultured on prune agar, trans 
f erred on to potato dextrose agar and finally grown on a media designed 
for easy mixing with soil. The latter media was prepared by mixing 
one part of oatmeal with 4 parts of sand. This mixture was placed in 
deep petri dishes at 3 oz. per dish, moistened and autoclaved for 2 hours 
at 15 lb. pressure. Dishes were left to cool, inoculated with culture and 
kept in an incubator at 25''c. until such time as the fungus had grown 
throughout the media. This was completed 25 days after inoculation. 
Steam sterilized potting soil was infected by mixing 6 dishes of inoculum 
with each cubic foot of soil. This was left for three weeks to allow tin* 
fungus to spread throughout the soil volume and, before treatment, was 
placed into boxes eaclf of ^ cu. ft. capacity. 

Material and Method 

Paraformaldehyde supplied in compressed tablets was ground into 
a fine powder and dissolved in a known volume of warm water. Forma- 
lin (40 per cent, formaldehyde) and paraformaldehyde solutions were 
watered on to the soil at the rate of | gallon per box and in proportions 
listed in Table I. The same quantity of water only, was applied to 
checks. Treatments were replicated four times. 

Comparative Effect of Formaldehyde and Paraformaldehyde 

Soil in boxes was treated on 18th September, 1945, planted on 9th 
October with 24 Break O’Day tomato plants per box and results were 
recorded on 1 6th December. 

Infected plants showed stunted growth, discoloration of vascular 
tissues and yellowing followed by wilting of lower leaves. Results 
recorded as percentage infection and weight of aerial portion of plants 
are given in Table I. 
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Table I. Efficacy of Different Concentrations of Formaldehyde and 
Paraformald'ehyde in Control of Verticillium-wilt of Tomatoes 

Treatments carried out on soil held in boxes. Results from four replications of 
24 plants each set out 3 weeks after treatment. 


Formaldehyde ! Paraformaldehyde. 


Percentage 

Concentration 

Av Per cent 
Infection "■ 

Mean Weight 
of Plants 
(grams) 

,\v Per cent 
Infection * 

Mean Weight 
of Plants 
(grams) 

0.0 

91.66 

9.52 

91 .66 

9.52 

0.1 

59.74 

13.62 

65.70 

12.17 

0.2 

41.40 

13.20 

61.46 

9.89 

0.4 

39.37 

11.93 

51 .04 

10.97 

0.5 

12. 4« 

11.04 

27.70 

11.56 

0.8 

' 3.12 1 

15.05 

, 25.00 

13.84 

1.6 

0.00 1 

6.62 

i 5.49 

12.71 

3.2 

[ 0.00 

6.12 

1 

0.00 

7.56 

Standard Krror. 

5.06 

j 2.40 

6 . 55 

0.85 

Difference Required 
for Significance at 5 

! 14.73 


i 

i 

! ' 

1 2.60 

per cent, level. 


j 7.00 

1 19.09 


* Ke-isolations made from vascular tissues of infected plants produced cul- 
tures of Verticifhuui alho~airum in every case 


All treatments gave significant reduction of the disease when com- 
pared with untreated soil, formaldehyde at 0.8 per cent, and over and 
paraformaldehyde at 1 .6 per cent, and over giving satisfactory^ control. 
Although differences in plant weight did not reach significance at 5 per 
cent, level, results suggest that formaldehyde at 1 .6 and 3.2 per cent, 
and paraformaldehyde at 3.2 per cent, had a detrimental effect on plant 
growth. 


Tahlk 11. Mortality of Tomato Seedlings in Soil Treated with Different 
Concentrations of Formaldehyde and Paraformaldehyde and Planted 
10. 15, 20 and 25 Days ait'er Treatment Records from 3 Rkpi.i- 
CATJONs OF 36 Plants Kach 

Percentage Mortality in Plants. 

; FoR.MALDEHYDE. j PARAFORMALDEHYDE. 


PericKl 1-ietween Treatment PeruKl lietween 'rreatinent 


Percentage 


and Planting. 



and Planting. 


Concentration . 



— 


.. 



— 


10 

15 

20 

25 

10 

15 1 

20 

25 


Days. 

Days 

Days 

Days. 

Days 

Days 
. *- 

Days. 

Days 

0.0 

0.00 

0,(M) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.1 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.2 

0.00 

0.00 

0.00 

0.00 

0.(K) 

0.00 

0.00 

0.00 

0.4 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.5 

9.37 

4.17 

1.04 

0.00 

2.08 

1.04 

0.00 

0.00 

0.8 

41.67 

7.28 

1.38 

0.00 

4.16 

2.18 

0.00 

0.00 

1.6 1 

1 100.00 

55.^1 

27.08 

2.08 

7.29 

3.25 

0.00 

0.00 

’ 3.2 

100.00 

84.37 

30.21 

3.12 

98.96 

31.25 

8.33 

5.21 


Effects of Formaldehyde and Paraformaldehyde on 
Germination and Plant Growth 

Boxes containing steam disinfected soil were treated with solutions 
<*f formaldehyde or paraformaldehyde at concentrations of 0.4, 0.5, 



118 


The N.Z. Journal of Science and Technology (Aug. 


0.8 and 1 .6 per cent. The soil was in a suitable condition for sowing 
14 days after treatment and 500 tomato seeds were then sown in each 
box. All treatments were replicated three times. The number of 
seedlings that emerged was recorded after a period of 16 days. Via- 
bility of tomato seed was not affected by the treatments and resultant 
seedling growth was more vigorous than in untreated soil, (termination 
of seed sown in the higher concentrations (0.8 and 1.6 per cent.) of 
both materials was delayed by 2 to 3 days. 

Boxes treated with the various concentrations of formaldehyde and 
paraformaldehyde were planted with 36 Potentate tomato seedlings at 
10, 15, 20 and 25 days after application of solutions. Records of plants 
injured by residual effects of treatments were taken after 5 days (see 
Table II). 

Injury to plants occurred in soil treated with concentrations higher 
than 0.4 per cent., but paraformaldehyde permitted earlier planting 
of soil than formaldehyde. In all cases soil was reasonably safe for 
planting 3 to 4 weeks after treatment. 

Discussion 

Concentrations of formaldehyde at 0.8 per cent, and over gave 
satisfactory control of the fungus. Paraformaldehyde at twice the 
strength of formaldehyde solutions gave approximately equivalent 
results. Soil treated with paraformaldehyde solutions could be planted 
one week earlier than .soil treated with equal dosages of formaldehyde. 
Neither material damaged plants set out 3 to 4 weeks after treatment. 


SOIL DISINFECTION VIII. CHEMICAL CONTROL OF 
VERTICILLIUM-WILT OF TOMATOES 

By H. Jacks, Plant Palhologi.sl, Ilant Diseases Division. 
Department of Scientific and Industrial Research 

{Rnvtvrd for fuhluation, J7th July, W7) 


Summary 

Experiments on control of \erlicilIium-\Mh of tomatoe.s by soil 
treatments showed that: — 

(1) Chloropicriii and formalin Hatisfact<»ry control both in poltinj^ 

soil and in glasshouses. 

(2) Carbon disulphide, D-D, Iscobrome.s I and II were of \alue in 
reducing;: incidence of the disease. 

(3) Chloropicrin, D-D, carbon disulphide and l.scobromes I and H 
applied as emulsions to soil in boxes, gave better control than application 
of concentrated fumigants to soil held in gaslight containers. 

(4) Some fumigants ga\c l»etter control when applied as mixtures. 

Introduction 

INVE.STIGATIONS Were carried out to ascertain the efficacy of soil fumi- 
gants in controlling verticillium-wilt of tomatoes ( Vcrticillium dakliac 
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Treatments were applied either to soils artifically infected or to 
those which had previously carried diseased crops. 

1'rials described in this paper cover investigations on control of 
verticillium-wilt by .soil fumigants. Effects on plant growth and yield 
of tomatoes are also recorded. 

MATKRIAL.S AND MkTIIODS 

Composition of materials used and method of preparation r)f emul- 
sions have been given in earlier pajxirs (Jacks, 1946; 1947). Methcxls 
of applying materials were similar to those previously re])orted (Jacks, 
1945 A; 1945 B). Dosage rates are given in the tables. Preparation of 
artificially inoculated soil has been clescribed previously ( Jacks, 1947). 

The relative merits (jf fumigants were determined by (a) the 
presence or absence ni fungus in vascular tissues, (b) the top weight 
of tomato seedlings, and (c) fruit yield of first fi\e trusses. 

Effects of chloropkriu on control of vcrtidUiuni-unli and yield of 

tomatoes 

-•/. Applied to potting soil 

lnfecte<l potting soil, sufficient for four boxes I dimensions 12 in. 
X 18 in. X 6in. ), was treated with chloropicrin at 5 mi. per cu. ft. and 
held for 48 hours in closed containers. The soil was then transferred 
to the boxes and 14 days after treatment each of these was planted with 
24 Kondine tomato plants. 

Results. — Records taken 14 weeks after [Wanting showed 87.25 jkm* 
cent, infected j)lants in untreate<l .soil and UX) per cent, healthy plants 
in chloropicrin treatment. Plants in the checks became stunted and 
.wilte<l at the tops, followed later by yellowing and wilting of bottom 
leaves, 'fho.st* in treated soil reniaine<l healthy and produced good 
growth. 

/?. .//-/-/»■ ed to soil in situ 

Chloropicrin was applied to soil in a ccanmercial glasshou.se in which 
the |)revious enjp had shown approximately 25 [)er cent, infected plants. 
The material was injected at the rate of 2 ml. per .sfj. ft. to a depth of 
Sin. Seven days after treatment 72 Potentate tomatoes were set out in 
each of six treated and six untreated plots. 

Results.--Th^ short peritxl allowed for aeration of the soil caused 
a slight check in the growth of plants from residual chloropicrin, but 
recovery was complete after two WTeks. Differences in growth between 
plants in treated and untreated soil were not apparent for the first Xwu 
months. Later it became necessary to^ replace some wilted plants in 
untreated plots. Innal records showaHr48.5 \kt cent, infection in un- 
treated plots, with an average yield of 4.9 lb. of fruit |)er plant, while 
records of treated plots showed 6.2 ix‘r cent, infection and 7 lb. of fruit 
per plant. In this experiment chloropicrin failed to give the complete 
control of verticilHum-wilt obtained in a previous trial (Jacks, 1945), 
but nevertheless gave an increase in yield and considerably reduced 
incidence of the disease. 
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Effects of chloropicrin, D-I) and formalin on control of vcrticUlium-wilt 
and yield of tomatoes 

Light volcanic loam in a glasshouse was artificially infected with 
cultures of Verticillium dahliac. The area was divided into 16 plots of 
110 sq. ft. each, which were separated by asbestos boards sunk to a 
depth of 14 in. Formalin solutions were applied to the soil surface with 
a watering can, while fumigants were injected S in. deep. Treatments 
were applied on 22nd June, 1945, plots being randomized and replicated 
four times. Thirty-six Potentate tomato plants were set out in each 
plot on 12th July and harvesting records were completed by 4th I"eb- 
ruary, 1946. 

In the following season (1946), the experiment was repeated in the 
same house. The soil was again infected artificially and treatments 
were applied six weeks later. Crop yields were not recorded but degree 
of infection was deteniiined by examination of vascular tissues in 
November, 1946. Results of trials are given in Table 1. 

Table I Effect of Chloropicrin, D-D and Formalin in Controli.ino 



Verticillium-wilt of Tomatoes and on the Weight 



OF Fruit Per Pi ant 

1 Season 1945 j 

Season 1948 

Treatment 

Ouantities per 

Mean (lercentage ! 

1 

Mean weight of 

Mean percentage 


sq ft 

infected plants 

fruit per plant i 

infected plants 

. 

C'heck 

1 (ml ) 

0.0 

45.55 

(Pounds) 1 

5.88 1 

82.49 

Chloropicrin 

2.0 

7.H3 

8.19 

8.10 

D-D 

2.0 

18.72 

8.99 

23.79 

Formalin 

33.6 

1 15.80 

6.01 

8.51 

Difference required for Signi- 
ficance at 5 per cent level 

1 

11.43 1 

1.84 1 

11.25 

Standard error 

3.57 1 

0.i57 

3 52 


Results,- -In 1945, height of tomatoes was even throughout the 
glasshouse for the first two months, after which chloropicrin treatment 
showed slightly better growth. All treatments gave an increase in yield 
over checks but only in the case of chloropicrin was this increase 
statistically significant. In both years, treatments gave significant reduc- 
tion of infection, with chloropicrin giving most effective control. In 
both years, dry conditions at time of application affected the disiHTsion 
of formalin solutions, thus reducing efficacy of the fumigant in con- 
trollling the disease. 

Effects of chloropicrin, carbon disulphide and iscohromes I and 
II an control of vcrticillium-Knlt and grozvth of tomato seedlings 
Two experiments were carried out (a) to determine comparative 
effects of concentrates and (b) to determine effects of the same fumi- 
gants applied in emulsified form. 

Expt, (a). Application of concentrates 

Infected potting soil, in sufficient quantity to provide four replica- 
tions per treatment, was treated in air-tight containers and transferred 
to boxes after 48 hours. Ten days after treatment 24 Kondine tomatoes 
were planted in each box. Records of infection and weight of aerial 
parts of plants were taken after ten weeks and are given in Table 11. 
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Results . — Plant injury appeared within 24 hours of planting, 
percentage mortality of seedlings being given in Table II. I'urther 
injury occurred in the next four days, i.e. IS days after treatment, after 
which the fumigants had no further effect on seedling mortality. 


Table U. Effects of Soil Fumigation with Chlokopicrin, D-D, Carbon 
Disulphide and Iscobromks 1 and II on Control of Verticillium- 
wiLT, Weight of Tomato Seedlings and Pi.ant Orowth 


! 


! 

Mean weight 




Quantities 

Mean 

of aerial 

Percentage mortality 

Treatment j 

per cu. ft. 

Percentage 

])arl.s of 

after treatment 

I 

(ml) 

infected 

plants 

— 





plants. 1 

(g) 

11 days 1 

15 days 

Check 

0.0 

96.87 

10.33 

0.0 

0.0 

Chloropicrin 

1 6.0 

0.(K» 

19.44 

l.L 

0.3 

D-D , 

6.0 

66.66 1 

12.53 

4.3 

1.8 

Carbon disulphide 

15.0 

56.24 i 

11.23 

0.3 

0.0 

Iscobrome !♦ 

6.0 1 

1 68.74 

13.03 

4.1 

2.4 

Iscobrome II** | 

6.0 1 

1 51.04 

12.46 

2.6 

2.4 

Difference rec|uired for .signifi- 





cance at 5 per cent, level 

17.80 

3.08 




Standard error 6.28 ! 1.04 


* Iwiobronie 1 : 15 per cent methyl bromide and 85 per cent. x\lol 

•• Iscobronie 11 : 25 per cent, chloropicrin, 15 per cent methyl bromide 

and 60 per cent, xylol 

Chloropicrin gave significant improvements in disease control and 
increased weight of plants when compared with other treatments. Carbon 
disulphide, D-1) and iscobromes 1 and II gave signficant reducton of 
infection as compared with checks. Although these materials increased 
plant weight, only iscobrome I gave results closely a]>proaching sig- 
nificance. 

Hxpt. (h). Applkaiwn in emulsified form 

Emulsions prepareil with Wetsil in water were applied to infected 
potting soil held in boxes (dimensions 12 in. x 18 in. x 4 in.), at rates 
shown in Table III. Ten days later 24 Kondine tomato seedlings were 
planted in each box. Degree of infection and aerial weight of plants 
were recorded after 73 days. 

Table 111. Effect of Chloropicrin, D-D, Carbon Dlsulphide and Iscobromes 
I AND II. Applied in F.mulsified form, on ('ontrol of Verticillium-wii.t 
AND Weight of Top (Irowth of Tomato Seedlings 


Treatments. 


Check 

Chloropicrin 

D-D 

Carbon disulphide 
Iscobrome I 
Iscobrome 11 


Quantities in ml 
applied with 1 gal 
water to each 
cu. ft. of soil. 

0.0 

18.0 

18.0 

45.0 

18.0 
18.0 


Mean ])ercentage 
in feet wl plants 


90.08 

1.04 

4.58 

1.04 

4.21 

0.00 


6.76 


2.28 


Mean weight of 
aerial parts of 
plants 
(g). 

16.79 

19.67 

12.41 

10.29 

12.86 

12.35 


5.04 


1.70 


Difierence required for significance 
at 5 per cent, level 

Standard error 
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Results , — All treatments gave significant reduction in infec- 
tion. With the exception of chloropicrin, treatments reduced growth 
due possibly to the short interval between application of fumigants and 
date of planting. 

Effects of chloropicrin, iscobrome II and mixtures of chloropicrin with 
D-D and of chloropicrin zvith iscobrome II on control of ver- 
ticillium-zvilt and on crop yields 

Soil under glass which had previously grown an infected crop was 
treated with choloropicrin, iscobrome 11, a 1 :1 mixture of chloropicrin 
and D-D and a 2:1 mixture of iscobrome II and chloropicrin. Eighteen 
Potentate tomato plants jjer plot were set out in July, J946, there being 
three replications of each treatment. Yield records from the first five 
trusses were completed in February, 1947. 


Table IV. Effect of Chloropicrin, Iscobrome 11, a 1 : 1 Mixture of 
Chloropicrin and D-D and a 2 : 1 Mixture of Iscobrome 11 and 
Chloropicrin Applied to Soil in (Ilasshousk, on Control of 
Verticillium-wilt and Yield of Fruit I^er Plant 


1 

Quantities 

I'reat incuts 

per sq. ft. | 


(ml.). 1 

Check 

0.0 

Chloropicrin 

2.0 

Iscobrome 11 

3.0 

Chloropicrin and 


D-D (1 : 1) 

2.0 

Chloropicrin and 


Iscobrome 11 


(1:2) 

3.0 


Difference required for significance 
at 5 per cent, level 


Standard error 


Mean percentage 

! Mean weight of 

infected plants. 

fruit per plant 


(Pounds). 

67.00 

2.57 

20.00 

5.04 

15.50 

3.81 

8.33 

5.17 

4.17 

5.08 

20.40 

1.16 

6.47 

0.37 


Results. — Treatments, as compared with checks, gave significant 
reduction in infection and increase in crop yield. Crop yield from 
iscobrome II was signficantly less than from other materials. Mixtures 
gave improved control of the disease as compared with pure materials, 
although differences between fumigants were not significant. 

Discussion of Resi^i.ts 

Of fumigants tested, chloropicrin gave the most consistent results 
in control of verticillium-wilt. It also improved growth and increased 
crop yield. Control of the disease was not always complete and results 
suggest that increased efficiency would be obtained by using higher 
dosages. Application of higher dosages, however, may not necessarily 
secure increases of crop yields. Plant damage occurred where a short 
interval was allowed between treatment and planting. Effect of residual 
toxicity in chloropicrin treated soil, was, however, less evident than in 
other materials. 

Tests with formalin were not adequate. The soil was tlry at the time 
oi application and this condition affected the dispersion of the liquid. 
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Control of the disease was therefore less effective than would bo ex- 
pected under more favourable conditions of application. 

D-D, carbon disulphide and iscobronies I and II gave relatively 
poor control of verticillium-wilt at dosages tested. Iscobrome II was the 
most effective of these materials. Further experiments with the different 
fumigants, are necessary to ascertain the possibility of obtaining 
economic control by application of higher dosages. Fmulsified fumigants 
brought about results superior to those obtained by concentrates and 
this method of application will be investigated further. 

Refehencks 

Jacks, H. (194.SA): N.Z. J. Set. and Teelmol , 27, {See 93 

(1945 B) : /hid., 27, (See. A), 250. 

(1946) : /hid., 2H, (.S'ec. A), 166. 

(1947) : /bid., 29 


SOIL DISINFECTION. IX. CONTROL OF EELWORM IN 

OUTDOOR SOIL 

By H. Jacks, Plant Diseases Division, Department of Scientific 
and Industrial Research, Auckland 

(Received for publication, 7lh August, 1947) 


Summary 

In an experiment on the control of eelworm in heavily infested out- 
door soil, chloropicrin and D-D applied at the rate of 3 ml. per sq. ft. 
gave almost complete control, while iscobrome II at the same dosage 
markedly reduced infestation. 

C'hloropicrin and iscobrome II also increased the yield of tomatoes, 
D-D just failing to give significant results. 

Iscobrome I at the same rate of application and carbon disulphide 
at twice this dosage neither controlled eelworm nor increased yield. 

All these fumigants significantly reduced weed population, chloro- 
picrin giving the best control. 

Introduction 

Experiments described in the present series of papers have been con- 
cerned with the application of fumigants to potting soils and glasshouse 
soils treated in situ. The need for disinfection also occurs in outdoor 
soils and an account of the treatment of an area of soil heavily infested 
with eelworm {Heterodera marioni (Cornu) Goodey) is given in thi< 
paper. 

Method 

For the purpose of this experiment, an area which in the previous 
year had carried a crop of tomatoes heavily infested with eelworm was 
divided into 24 plots, each 24 sq. ft. in area. To avoid spread of 
infestation and diffusion of fumigants, plots were separated by asbestos 
boards sunk to a depth of IS inches. 
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Treatments included chloropicrin, D-D, carbon disulphide, iscobrome* 
1 and iscobrome 1 1, Materials were applied on 20th October, 1946, 
four plots being treated with each and a similar number left untreated 
to serve as checks. Before treatment half a gallon of water per square 
yard was applied to each plot. The fumigants were then injected into 
the soil to a depth of 5 inches at rates given in Table I. The instrument 
used for application of fumigants was that described by Jacks and 
Wright (1946). To reduce loss of fumigants by volatilization, holes 
made by the injector were tamped with soil and each plot was given a 
water seal of one gallon per square yard. Soil temperature at the time 
of application was 20°c. and total soil moisture IS per cent. Four 
days after treatment the soil was forked over to assist escape of residual 
gases. On 9th November, 1946, nine tomato plants of the variety 
Potentate ” were set out in each plot. 

In order to assess the effect of treatments, the following plot records 
were taken: 

(a) Percentage of eel worm -infested plants when examined at the 
termination of the experiment. 

(b) Weight of fruit harvested from the first five trusses. This 
record was completed on the 15th April, 1947. 

(c) Weed establishment throughout the period of the experiment, 
all weeds being counted as they were removed. 

Results and Discussion 

Results are summarized in Table I. 

Table I. Effect of Five Soil Fumigants on Kelworm Infestation, 

Yield of Tomatoes and Weed Germination 



Qliantity per 

Percentage of 

Weight of 

Number of 

Treatment. 

sq ft. 

infested 

fruit per plant 

weeds per 


(ml.). 

plants 

(lb.). 

.sq. ft 

Check 

0.0 

91.7 

4.8 

27.3 

Chloropicrin 

3.0 

2.7 

6.8 

11.2 

D-D 

3.0 

2.8 

5.8 

15.2 

Carbon disulphide 

6.0 

83.3 

4.8 

19.8 

Iscobrome !♦ 

3.0 

80.5 

5.2 

18.6 

Iscobrome II** 

3.0 

45.9 

6.2 

16.5 

Difference required for significance 




at 5 per cent, level 


29.9 

1.1 

6.0 

Standard Error 

10.0 

0.4 

2.0 


* Iscobrome I — 15 per cent, methyl bromide and 85 per cent, xylol. 

•* Iscobrome II — 25 per cent, chloropicrin, 15 per cent, methyl bromide and 
60 per cent, xylol. 

(a) Eelworm control. Results show that chloropicrin and D-D gave 
almost complete control, while iscobrome II reduced infestation by half. 
Plots treated with carbon disulphide and iscobrome I showed no sig- 
nificant improvement on check plots. Iscobromes I and II are similar 
mixtures, except that in the latter 25 per cent, of xylol is replaced by 
an equal amount of chloropicrin. It appears therefore that the partial 
control effected by iscobrome II was due to the presence of diloro- 
picriiL 
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Additional to examination of rixits for eelwonn infestation, obser- 
vations were made on size and number of galls. In check plots masses 
of galls up to J inch in diameter and 1 inch in length were conspicuous 
on most plants (Fig. 1). In plots treated with chloropicrin and D-D, 
galls were few and of small size (Fig. 2). In carbon disulphide and 
iscobrome I and II treatments, however, galls were numerous and inter- 
mediate in size between those in checks and in chloropicrin or D-D. 

(b) Yield of tomatoes. Compared with checks, chloropicrin and 
iscobrome II gave significant increase in crop. D-D just failed to give 
a significant increase while i.scobrome I and carbon disulphide were 
ineffective. 

Although chloropicrin and D-l) gave e(|ual control <jf eelwonn, the 
increase in yield was higher in the former treatment. In this connec- 
tion results secured previously (Jacks, 1945) indicated that chloropicrin 
applied to clean soil gave a greater increase than D-D in yield of 
tomatoes. An improvement in the nutrient condition of the soil follow- 
ing use of chloropicrin was also reported by Schchei)etelnikova and 
Cheremisova (1937) and Tam (1945). It is therefor*^ sugge.sted that 
increased production of fruit in chloropicrin Ireatments as compared 
with those of D-I) may be due to improve<l soil fertility. 

(c) IVccd controL All treatments gave significant reduction of weed 
population as compared with checks, chloropicrin l)eing the most effec- 
tive. However, as only partial control was obtained it aj)peaVs that 
reduction of weeds by soil fumigants cannot be regardtd as more ihan 
an advantage incidental to their use. 


KcONOM J(* I\)SSI HI LlTl KS 

By the pre.sent injection method, approximately li man hours would 
be required to treat 1,000 .sq. ft. of area. Although effective control of 
eelwonn under field conditions was obtained by chloropicrin and T)-D, 
at the pre.sent time costs of labour and materials for treating other than 
small areas would be prohibitive. I)-l) being only Jth the price of 
chloropicrin, shows greater economic possibilities for control of eel- 
worm. 


Refkrkncks 
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REVrKW. 

BIOLOGICAL STANDARDIZATION OF THF. VITAMINS. 
K. H. COWARD 
2nd Edition. 1947 


Since its first ajtpeaiaiue in 1937 hook iias hetMi the vafie-inecuin ol everv 
worker engaged in biological estimation of the vitamins '1 hat m the second edition 
(1947) so little alteiation to the existing text has lieen necessar> , is in itself a tribute 
to the soundness and compiehensiveness of the original Us ch'ar statement of the 
principles governing biological assa\ . with emphasis dnected to the absolute netessitv, 
in every determination, for simultaneous trial of standaid of reference and test material, 
remains in 1947 as in 1937, the rot k on which vitamin determinations must rest 

In this edition a chapter on biological estiniation of vitamin I*, is added to tlie 
.sections on assay of vitamins A, Hj, (' and D 1‘or cmh of th(‘se vitamins metliods 
of as.sav are fully described, preparation of animals and plan of e\perinient are dis 
( ussed, and tareUil assessment is made of the meiits and d(‘ni(*iits of the various 
metlKKls h'or each indivulnal vitamin also, protedure for establishment of i iirves of 
response and lalculation ol results on a slatistkal basis is explained so clearlv' as to 
be understandable even by the iKni-niathematically nmide‘d . Nshile a seiond st'ction 
of the book luovides a iiialhematical < onsideration oi f.n tots niHueiuing act nrac> , 
and of limits of error in biological measurement 

C heinital and plissical data coiueriiing the inti'iiiaiuinal standard jirepaiatioiis 
aie inclu<lc*d, and in the case of vitamin A, correlation of biological witli physical and 
chemical methods of assin discusscxl. ICvideiice of niterdei>enden( e of the various 
vitamins i.s examined, and attention drawn to the m*(‘d lot careful planning of ex- 
periments so that statistical treatment of the results mav be employed to vield in- 
fotmation on this matter. 

The book is not only indispensabh* to the woiker on biological estimation ol the 
vitamins, but jirovides stminlating reading for all lbo>(‘ loneerned witli tlie design 
of animal experiments 

M M (' 


IMPKKIAL A(iUiri LTCKAL Bl'RKAl'X 

A new journal of the Imperial F'orestr}- Bureau is now being i.ssucd 
entitled “ Forest Products and rTn.iz.\TioN.'' It ij. a reprint of 
Forestry Abstracts, Section 3. 
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FURTHER INVESTIGATIONS ON THE NUTRIENT STATUS 
OF FLUE-CURED TOBACCO 

Hv H. (). .Askew, K. T. J. Hlick, Kathleen li. Ci rrie and Joyce 
\V.\TS ox, ('avvtliron Institute. Nelson 

{lieitnved for fiiihtn niton, Dcirnihcr, 1U4S) 


Summary 

Han icon’s S|X*( lal variety of flue-cured tobaccf) \va‘4 grown on two soil 
1 \ ])es for three seasons to determine tlie course of development of drv matter 
and of intake of nutrients hy the plants 

When voung, the plants were well-supplied with minerals and nitrogen 
(on the dr\ -matter basis) but were relatively low in percentage of drv matter, 
As thev developed the |)ercentage of dry matter increased m Ixith leaves and 
stalks but the concentration of minerals and nitrogen generall\ decreased ; 
linit however accumulated in leaves near the base of tlie plant There were 
distinct differences in chemical composition between leaves and stalks at all 
stages of grcnvth 

'I'hc maxim uin amount of dry matter and of minerals was found shortly 
after harvesting lK*gan, Ihxxiuction of drv matt€*r and intake oi nutrients 
continued dining the hai vesting |)eii(xi ; from one-third to one-half of the 
season’s absorption of nutrients cx'curred at this time. 

On the heavier soil intake of minerals and nitrogen was such that plants 
on It generallv showed a higher nutrient status than those on the lighter soil. 

Sea.sonal conditions during harvesting great Iv influenced tlie prcKliiction 
of dry matter and absorption of nutrients 

(Aireil leaf from successive harvests showeil appreciable differences m 
chemical composition ; variations from one season to another were apparently 
due to imidentifled seasonal influences 

After completion of harve.,sting the residual plant material is of con- 
siderable value for use as a green manure 

A discussion of the present three seasons' and a jirevious two seasons’ 
results is piesented. 


iNTROOrCTlON 

A report on “ Tlie Nutrient Status of Flue-t'ured Tobacco ", published 
in 1944 (1), covered work carried out with plants of Harrison's Special 
variety in the seasons 1941-42 and 1942-43. Since that time, until the 
1946-47 season, work of a similar type has been continued. Further 
refinements in experimental procedure have been introduced with the 
result that a number of points mentioned in the earlier report as re- 
quiring confirmation or elucidation can now be di.scu.ssed with a ffreater 
probabiTtj' of arriving at sound conclusions. Moreover the longer 
experimental, ixriod has enabled the effects of varying types of growing 
and harvesting seasonal conditions to be more clearly scon. 
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The present paper covers the three seasons 194445, 194546 and 
194647. Although a similar trial was run in the 194344 season the 
results arc not reported because they are not considered to be satisfactol^^ 
due mainly to difficulties that were experienced in drying the samples 
in that season. In the last three seasons plants of the same origin were 
grown on two soil types, a medium sand loam and a silt loam, to com- 
pare the development of the plants and the intake of nutrients under 
these two conditions. 

liiXPERlMENTAL 

In each of the three .seasons reported upon in this paper the plants 
for the experimental areas were provided by the Tobacco Ke.search 
Station at Riwaka. Harri.soiTs S|X'cial varietv was grown. In 1944 45 
season the .strain was the .same as that used in 194142 and 194243, 
but in the 1945-46 and 194647 sea.sons another strain, giving a broader 
type of leaf, was used. It is therefore neccs.sarv to ('onipare the results 
of the 1944-45 .season’s results with those reported |)reviou.sly (I) rather 
than with those of the last two .seasons. 

Two soil types were used in the work of the last three seasons listed 
above, thcMuedium sand of the Tobacco Research Station and a silt 
loam .soil of a commercial grower. Both areas were sufticiently near to 
one another for the rainfall conditions to lx‘ considered the same. At 
the Research Station the same plot of ground was planted for these* 
experiments in the three seasons. On the grower's soil a different area, 
damper and likely to be colder in the spring, was used in the last two 
seasons from that set out in 1944-45. Plants in each season were ob- 
tained from the same seedling bed and were set out in the iield as nearly 
as po.s.sible on the same day. The planting dates for the three sea.sons 
were 24th November, 1944, 3rd December, 1945 and 3rd December, 
1946. Fertilizer equivalent to 1,0(M) lb. per acre of a 3-8-8 mixture 
was ajiplied in the rows b(?fore pla)nting. Spacing of tlu* plants was 24 in. 
in rows 3 ft. 6 in. apart. 'J‘he usual cultural operations were given, 
including irrigation wlien reejuired on the medium sand. 

The luimlier of plants taken as a sample at any one date varied 
with their size, but was never less than ten, even with fully grown plants. 
Roots were not included, the plants being cut t)ff at ground level. Sepa- 
rations into leaves and stalks were made at each sampling until harvesting 
began. From then onwards separations were made into ripe and green 
leaves, laterals and stalks in the 194445 seasons, and into ripe, nearly ripe 
and green leaves, toppings, laterals and stalks in the 1945 46 and 1946 47 
sea.sons. At each harve.st usually three leaves were taken in the “ ripe *' 
leaf sample ; similarly three leaves were taken for tlu* “ nearly ripe ' 
leaf sample, the assumption being that these “ nearly ripe " leaves would 
be the ripe " leaves at the next harvest. Also the number of leaves 
on an average plant was recorded after topping. At subsequent .sampling 
dates only average-sized plants with the requi.site number of leaves 
were taken for sample material. By this means it was expected that 
more accurate sampling would be obtained. Ripe leaf from the area at 
the Research Station was picked by the Station staff after the sample 
plants were obtained. This leaf was cured and jirovided material for 
analysis representing the successive harvests from the plants. The 
same number of leaves per jilant was removed for these harvests as was 
taken as “ ripe ” on the plants for laboratory examination. Cured leaf 
was analysed for minerals and nitrogen contents, as were the other 
separates of plant material, and also for glucose, fructose and sucrose 
contents. 
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Monthly totals of rainfall for the three seasons under review arc given 
in 'fahh* I and a more detailed record of the distriinition of tlie rainfall 
by weekly periods in I'ig. 1. The 1944-45 season was wet in the spring 
and during the harvesting jieriod of January and Februar^L November 
and December were not unduly wet. Temperatures and hours of bright 
sunshine were low in the spring and early summer. No irrigation water 
was applied in this season. In 1945-46 the spring rainfall was low and 
this lack of rain continued into the growing and harvesting season. Most 
of the December rainfall occurred in the first ten days of the month. 
Both January and h'ebruary were unusually dry, the latter month pro- 
viding only 0.56 in. of rain. Over an inch of rain fell in the first few 
days of March and further rain fell later. This, combined with the 
previous very dry period, caused unsat i.sfactoty harvesting conditions. 
Some relief from the dry conditions of Januart" was obtained on the 
medium .sand by applying irrigation water equivalent to appro.Nimately 
one inch of rain on each of two occasions, namely 15th and 30th January, 
1946. In tin* third .sea.son tluTe was a sulficiency of soil moisture up 
November, 1946. Most of the rain recorded fell l)efore the middle of the 
month. From then onwards there were long dry piuiods in December, 
January, h\‘bruary and March. Up to the end of December the sea.son 
was unusiuilly cold but later the weather was warm and sunny, causing 
a raj)id rijiening of the leaf. The crop was irrigated at the previously 
m(*ntione(l rat(‘ on 29th Januar\% 1947. 


rAHi.K 1 Rainfall in Inchfs at thk Tob.acco Research Station for the 
Seasons 1944-45, 1945-48, 1948-47 at Monthly Intervals 


Season 

.St'pt 

0(1 

Nov 

I >t*t' 

J *1” 

i‘>i> 

Manh 

April. ; 

Total 

1944 45 

:i.i8 

8.fi5 

2,44 

a, 57 

5.(»5 

8. as 

f 2.09 

2 a2 . 

1 

as.ei 

1945-48 

; a. 8a i 

1 

a, 45 i 

1.71 i 

1 

2.98 

1 .la 

0 . 58 

a. 7a 

8.71 

28. Oi 

1948 47 

: 5.47 ' 

8.04 ■ 

•>.•27 i 

1 .as 

i.9a 

1,94 

2.19 

8.29 ; 

ai At 


A. 1944-45 Se.\son 

In this season the same strain of Harrison's Special variety was grown 
as in the 1941-42 and 1942-43 trials. Owing to the unusually wet spring 
and low temperatures early in the season the difference i)etween the 
rate.s of growth of the plants on the two areas was greater than might 
otherwise have been the ca.se. During January and b'ebruarv when tlie 
leaf was maturing there were some very heavy falls of rain ( Fable I and 
Fig. 1). As already stated it was unnecessary to irrigate the plants 
at the Research Station. 
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SEPT 


OCT NOV DEC ■ JAN ’ FEB " MAR 

MONTH OF THE SEASHKJ 


APR 


MG 1.- -Rainfall at weekh intervals for the seasons 1944-45, 
1945-46 and 1946-47 


Yield of Dry Matter : 

Data for yield of dry matter caVulated in terms of grams per 
plant and pounds p<5r acre and for percentage of dry matter in the leaves 
and stalks are given in Table JI for the Research Station trial. After 
setting of the jdants in the field on 24th November, 1944, no samj>les were 
taken until 10th January, 1945, i.e., 47 days after ]>lanting, the plants 
then being about 15 in. high. At this stage the leaves provided about 
seven-eighths of the total dry matter of the plants. Percentage of dry 
matter was 10.52 per cent, in the leaves and only 7. 13 per cent, in the 
stalks, with a plant average of 9.92 per cent. The average dry matter 
per plant was 27.38 g. In the next few weeks the plants grew rapidly, 
with increasing percentages of dry matter in both leaves and stalks ; 
moreover the stalks now formed a larger proportion of the total weight 
of the plant. At the time of the first harvest on 31st January, 1945, 
68 days after planting, the plants were about 45 inches high and were 
yellowing on account of the dry weather. The stalks ('omprised almost 
one-third of the total weight of the plant while the average weight 
of dry matter per plant had increa.sed to 108.6 g. Moreover the separa- 
tion made into sand leaves, ripe leaves and green leaves showed that the 
percentage of dry matter increased in this order, the stalks having an 
appreciably lower percentage. After harvesting began the amount of 
leafage on the plants decreased from one date oiF sampling to the next, 
but the stalks continued to increase in weight until the end of the season. 
The last harvest was made on 6th March, 102 days after setting of the 
plants in the field. 
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Investigations on the Nutrient Status of 
Flue-cured Tobacco 

Table 11. Nutrient Intake Experiment 1944-45 Season, Tobacco Research 
Station, Medium Sand Soil 
Yield of Dry Matter and Percentage of Dry Matter 


Date 

of 

Sampling 

r>art of Plant. 

Dr> Matter j 
per tent | 

! 

Drs' .Matter 
per plant 
gm 

Dry Matter 
per acre 
lb. 

24/11/44 

Whole 

5.16 j 

0. 

43 

5 . 65 

U)'l/45 

[.eaves 

1(1.52 ! 

23 

93 

316.5 


Stalks 

7.13 

3. 

45 

45.6 


Whole 

9.92 j 

27. 

38 

362 . 1 

17, 1 45 

Leaves 

14.79 ' 

39. 

34 

.520.3 


Stalks 

7.59 1 

8. 

68 

114.8 


Wliole 

12.63 ; 

48. 

02 

635.1 

24-1 45 

Leaves 

14.09 { 

57 

07 

754.9 


Stalks 

9.51 I 

19 

14 

253.1 


Whole 

12.. 57 ; 

76 

21 

1008.0 

SI; 1.45 

Sand Leaves 

13 .50 i 

10. 

36 

137.0 


Kipe Leaves 

14.12 

19. 

03 

251 .7 


Uireen leaves 

IS. 92 j 

43. 

28 

572.5 


Stalks 

12.02 1 

35 

90 

474.8 


Whole 

14.69 i 

108 

57 

14.36.0 

7 '2 45 

1 2 ripe leaves 

16.89 i 

13 

45 

177.9 


1 (ireen leaves 

18.57 I 

41 

51 

; 549.1 


1 Toppings leaver 

18.19 

6 

75 

89.3 


j 'J oppings stalks 

; 11.94 

11 

.46 

, 151.6 


I St alks 

! 14.49 : 

48 

09 

636.1 


i Whole 

1 

1 15.79 

121 

.26 

1604.0 

14 2,45 

1 2 riue leaves 

' 19. <13 

14 

.90 

197.1 


j 7 green leaves 

, 19.34 

.30 

.80 

' 407.4 


1 Stalks 

: 15.71 

53 

.97 

713.9 


! Whole 

I 17.15 

99 

.67 

1318.4 

27,2 45 

’ 3 ripe leaves 

17.46 

18 

.72 

247.6 


' 4 green leaves 

17.54 

18 

.56 

245.5 


j Laterals 

12.82 


.04 

278.3 


- Stalks 

15.39 ' 

49 

.34 

652.6 


1 Whole 

; 15.43 

107 

.66 

1424.0 

6/3/45 

1 4 npe leaves 

‘i 

; 18.23 

16 

.58 

219.3 


j Laterals 

1 12,54 

23 

.11 

305.7 


! Stalks 

i 17.70 

60 

.95 

806.2 


1 Whole 

I 16.24 

100 

.64 

1331 .2 


For the silt loam soil data corresponding to those given above for the 
Research Station arc presented in Table III. Samples were taken 
mostly on the same dates from both areas ; direct comparisons of the 
development of the plants are therefore readily obtained. During the 
first 68 days after planting the yield of dry matter per plant was lower 
on the silt loam than on the medium sand, but from this date onward 
the plants on the heavier soil rapidly increased in weight due especially 
to tlie development of very heavy stalks. Thus by the end of the 
season the stalks of these plants were fifty per cent, greater in size than 
those on the lighter soil. During most of the season the plants on the 
silt loam showed percentages of dry matter in the leaves lower by from 
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three to nearly five per rent, than those for corresponding dates on the 
medium sand. Stalks showed similar, though smaller, differences. At 
the end of the season the stalks showed little difference but the leaves 
from the plants 6n the two areas still were markedly different in dry 
matter content. 


Table 111. Nutrient Intake Experiment 1944-45 Season, 
Light-phase Silt-loam Soil 



Yield of Dry Matter and Percentage of Dry Matter 


Date 

of 

1 

1 

Dart of Plant 1 

Dry Matter 
per cent . 

Dry Matter 
per plant 

Dry Matter 
tier acrt‘ 

Sampling. 

1 

... _ i 

gin. 

U). 

24/11/44 

Whole i 

1 

5.16 

0.43 

5 . 65 

10 1/45 

Leaves 

7.51 

16.16 

213.7 

Stalk.s > 

6.82 

2.66 

35.2 


Whole 

7.40 

18.82 

248.9 

17/1/45 

Leaves 

10.. 30 

34.78 

460.0 

Stalks 

7.42 

6.63 

87.7 


\N hole ; 

9.70 

41 .41 

547.7 

24/1/45 

J^eaves 

10.87 

51 .78 

684.9 

Stalks 

8.25 

17.95 

237.4 


Whole 

10.05 

69.73 

922.3 

51 1 45 

4 Kipo leaves 

13.55 

24.85 

328,7 


( Ireen leaves ' 

16.22 

36.86 

487.5 


Laterals aii<l sand leaves i 

11.42 

18.83 

249.1 


Stalks i 

10.68 

30.59 

404.6 


Whole 

12.89 

111.13 

1469.9 

7 2/45 

4 Ikiltom leaves 

13,09 

1 31 . Ml 

411.4 


Leaves i 

16.26 

1 52.87 

699.3 


Stalks 

12. ,33 

55 .16 ; 

729.6 


Whole ' i 

13.77 

139.13 

1840.3 

14 2/45 

4 Ikntoin Leaves i 

13.82 1 

28.48 ' 

376.7 


Leaves 

16.08 

71.31 

943.2 


Stalks [ 

14.38 

69.35 : 

917.3 


Whole 

14.94 j 

[ 169.14 i 

2237.2 

222/45 

3 Ripe leaves j 

11.99 

16.72 

221 .2 


Leaves j 

15.89 

86.21 ! 

U4o!3 


Laterals j 

10.54 

16.96 1 

224.3 


Stalks ! 

15.26 

78.22 ' 

10,34.6 


Whole . 

14.62 

198.11 ; 

2620.4 

6,3/45 

3 Ripe leaves | 

12.06 

16.40 

216.9 

Leaves j 

14.51 

70.92 

938.1 


Laterals i 

11.76 

44.86 

593.3 


Stalks 

18.02 

95.53 

1263.6 


Whole j 

1 

14.82 

i 

227.71 ! 

3011.9 


A comparison of the yields of dry matter for these two areas clearly 
shows the greater development of the plants on the heavier soil. The 
full season’s figures were not obtained for plants on the latter area 
because harvesting ceased on 6th March. At this time the plants were 
obviously still growing rapidly, whereas at this time the Research 
Station area had been completely harvested. It is of interest to note 
that the heavier soil produced nearly twice as much dry matter as the 
lighter one. 
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Investigations on the Nutrient Status of 
Feu e-cu red T oh acco 

Chemical Cvniposition of Plant Separates : 

Determinations of the mineral and nitrof^en contents of leaves and 
stalks from the Research Station are set out in Table IV, the figures 
given being calculated on a sand frce dry-matter basis, liarly in the 
season the plants were rich in all the constitiu'nts determined, this being 
especially marked in the case of potash. 1'he maximum figures for 
leaves and stalks. 47 days after planting were res])ectively 6.08 percent, 
and 7.86 per cent. As the plants develo|>ed there was a marked ten- 
dency for the percentages of magnesia, phosphoric acid, potash and nitro- 
gen to fall. On the otlier hand lime increased in the lowest leaves to a 
maximum of 5. 13 per cent. CaO ; leaves higlier up the plant wen* i)oorer 
in lime, even tliough there was a tendency for leaves near the top of tlie 
plants to show an increase in lime content. Stalks progiissively became 
})oorer in all constituents until the harvest on the 82nd day after i)lanting. 
after which they remained es.sentially of a constant composition, this being 
soluble ash, 6.7 percent.. lime, 0.9 percent., magnesia, 0.3 ])er cent., 
phosphoric acid, 0.4 percent., potash. 3. 1 ])er cent, and nitrogen. 1.0 
per cent. 

'I'AHf.K IV r||KMlC\l ( OMPOSITION Of- I OHAC t O. NcTKIENT InIAKK ExPCRIMENT, 
'lopACco KtsKARcn Station I944-4.S Sk\so\’ 

Expressed as percentage on sand-fiee drv matter basis 


Date 

of 

Sampling 

Part of Plant 

In- 
soluble 
• \sli 

i 

Solu- 
ble 
: Ash 

Lime 
(aO , 

Mag- 

nesia 

MgO 

Phos- 
phoric 
, \cid 

IV >6 

I\)tas}i 

KjjO 

I'otal 

Nitro- 

gen 

.N 

24 11-44 

V\ hole 

0.11 

15.09 

2.79 

0.78 

0.97 

6.08 

2.68 

in 1 4 .S 

Lea ves 

0.65 

17.82 

3.66 

1 .08 

0 76 

6.08 

3.47 


Stalks 

0.11 

15.66 

1.36 

0..58 

0.75 

7.86 

2.45 

17 1 4 S 

Leaves 

0.57 

14.85 

. 3 . 22 ' 

0.87 

‘ 0.66 

5.29 

2.83 


Stalks 

0.04 

13.36 

1.30 

0.50 

0.58 

6.59 

1 .87 

24 1.45 

I 

Leaves 

0.37 

11.72 

2 -48 : 

0.64 

0.59 

4.29 

1 .92 


Stalks 

0.10 

I 1 .. S 2 

1.12 : 

0.48 

0.59 

5 88 

1 .41 

M 1 45 

Sand Leaves 

0.97 

17.81 

5.13 

1.10 

0.48 

3.63 

1 .30 


Hipe leaves 

0.71 

13.. 50 

3.40 , 

0.75 

0.49 

4.53 

1 .33 


(ireen leaves 

, 0,19 

8.90 

l .,55 ' 

0.42 

0.60 

3 72 

1 .76 


Stalks 

0.99 

8.87 

1.01 , 

0.40 

0..55 

4.. 34 

1.17 

7 2 45 

i 2 Ki])e leaves 

0.19 

i 10.10 

; 2.65 i 

0.40 1 

l ».62 

3.37 I 

1 .56 


1 (ireen leaves 

; 0.15 

! 9.03 

1.85 , 

0.43 ! 

0.61 , 

3 . (SO 1 

1 .94 


■| op Jeav'es 

0.01 

1 10.05 

1.74 

0.54 1 

0.94 , 

4 . 45 , 

3.31 


1 oppings 

Stalks 

0.00 

j 10,65 

1.04 : 

0.61 

1.07 - 

5 1>2 ’ 

2.72 

i 

! 0.03 

1 

I 7.74 ; 

1 1.01 ; 

0.37 

0.47 ; 

1 


o!99 

14 2/45 

2 Pipe leaves 

1 0.08 

i 9.46 1 

' 2 28 

0.48 : 

0.54 ; 

3.53 

1 .66 


7 Cirwn leaves 

1 0.00 

' 9.45 i 

i 2. To : 

0.48 i 

0.59 

3.81 

2.17 


Stalks 

! 0.01 

: 6. .57 i 

i 0.89 1 

0.31 j 

0.45 

3.07 

1 .03 

277/45 

3 Ripe leaves 

' 0.08 

11.32 

2.84 • 

0.78 i 

0.61 

3.90 ' 

2.44 


4 (ireen leaves 

i 0.08 

11.95 

3.08 ! 

0.91 1 

0.55 

: 3.64 

2.81 


laterals 

1 0.07 

20.15 

2.26 i 

0.89 i 

0 . S 7 i 

i 5.08 

3.61 


Stalks 

1 0.17 

„i J 

7.08 

1 — ... - . 

0.98 j 

0.33 

0.38 

3.29 

1 .05 

6/3/45 

4 Ripe leaves 

1 0.03 

12.29 

3.47 1 

0.89 

0.68 

3.54 

2 .42 


Laterals 

: 0 .( K 1 

14.47 

2.74 1 

0.93 

0.88 

5.55 i 

3.49 


Stalks 

! 0.08 

6.40 

0.95 1 

0.32 

0.34 

2 . 92 

0.97 
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Chemical data for plants from the silt loam soil are given in Tabic 
V, where it will be seen that in the early samplings the leaves and stalks 
were very similar in composition to corresponding material from the 
Research Station plants grown on a medium sand. As the plants de- 
veloped some significant differences a])pearcd. Thus on the heavier soil 
the soluble ash and nitrogen were present in greater concentration and 
the lime contents of the leaves taken towards the end of the season were 
very high, the maximum figure being 8.25 \>eT cent. ( aO. Potash 
contents were similar for each corresponding set from the two areas. 
It is interesting to note the very high potasli content, 5 per cent. K^O or 
more, of the young laterals in both series of samples. In general there 
were no veiy^ consistent differences between the concentrations of 
magnesia and phosphoric acid in the two .sets of data. 


Table V Chemical Composition ok Tobacco, Nutrient Intake Experiment, 
Light- PHASE Silt-loam Soil, 1944-45 Season 
Expressed as percentage on sand-free dry matter basis 


Date 


In- 

Solu- 

Lime 

('aO 

I Mag- 

i 

Phos- 

of 

Sampling 

Part of Plant. 

soluble 

A.sh 

ble 

Ash 

! iiesia 
j Mro 

pliorii 

-\ck1 

24/11/44 

Whole j 

0.11 

1 

15.09 

2.79 

0.78 

0.97 

10/1/45 

Leaves 

0.29 

17.66 1 

3.62 

0.75 

0.79 

Stalks 

0.12 

15.87 1 

1.46 

0.52 


17/1/45 

Leave.s 

0.09 

17.24 1 

3.94 

0.70 

1 0.72 

Stalks 

0.18 

14.33 1 

1.68 

j 0.48 

1 0.66 

24/1/45 

I^eaves 

0.23 

15.14 

3. fin 

1 0.64 

! 0.71 

Stalks 

0.09 

12.43 

1.37 

1 0.41 

0.63 

1 1 

31/1/45 

4 Hipe leaves 

0.61 

14.58 

3.97 

0.47 

0.47 

Green leaves 
Laterals and 

0.03 

9.49 1 

1 2.04 

1 

0.34 

I 0.68 

1 



sand leaves 

0.65 

17.65 

4.87 

0.69 

i 0.53 


Stalk.s 

0.04 

9,43 

1.22 

0.27 

0.59 

7/2/45 

4 Bottom leaves 

0.18 

16.02 

4.99 

0.57 

0.43 

leaves 

0.05 

11.22 

2.97 

0.37 

0.53 


Stalks 

0.07 

9.16 

1.38 

0.32 

0.46 

14/2/45 

4 Bottom leaves 

0.34 

16.60 

5.64 

0.60 

0.44 

Leaves 

0.16 

12.30 

3.63 

0.43 

0.55 


Stalks 

0.06 

, 7.22 

1.24 

0.29 

0.44 

22/2/45 

3 Ripe leaves 

0.40 

19.46 

6.85 

0.74 

0 45 

Green leaves 

0.09 

13.10 

4.20 

0.45 

0.51 


Laterals 

0.04 

12.64 

2.02 

0.54 

1.07 


Stalks 

0.02 

6.83 

1.23 

0.32 

0.39 

6/3/45 

3 Ripe leaves 

0.04 

22.02 

8.25 

0.86 

0.41 


Leaves 

0.11 

15.40 

5.18 

0.56 

0.48 


Laterals 

0.15 

11.80 

1.96 

0.50 

0.80 


Stalks 

0.02 

5,95 

1.08 

0.25 

o.;io 


I'otal 


l^otasli 

Nitro- 

KjjO 

gen 

N 

6.08 

• 

2.68 

6.68 

4.18 

7.91 

3.04 

6.25 

4.04 

7.10 

2.52 

5.26 

3.28 

6.09 

2.15 

4.68 

2 22 

3.78 

3.95 

5.21 

2.51 

4 .5(> 

1 1.71 

4.38 

i 2.24 

3.87 

i 2.79 

4.22 

1.61 

4.08 ' 

' 2.01 

3.78 i 

2.80 

2.15 

1 .46 

4.15 i 

2.03 

2.96 i 

2.53 

5.39 

1 4.07 

3.03 

1 1.32 

3.82 , 

2.25 

2.74 j 

i 2.75 

4.67 

3.42 

1.74 

1.16 


Intake of Nutrients : 

From the yield of dry matter and the chemical composition of the 

J ants the intake of nutrients is readily calculated. Nutrient status 
ithe plants at the two locations is given in Tables VI and VII. In 
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Investigations oi 

^ THE Nutrient Status of 





Flue- 

CURED Tobacco 




the earlier stages of growth the greatest demand was for potash, 

lime 

and nitrogen, the demand decreasing 

in this order. 

At all stages 

the 

demand for potash was 

d<3ubh 

i that 

For lime 

or nitrogen. 

Uptake of 

magnesia and phosphoric acid 

was at a much lower level. 



Tabi.k VI Nutrient Status 

ON Per Plant Hasis, Medium Sand Soil, 



rOBACCO HKSEAKCH STATION, 1944-45 Sea.son 




Kxpressefi in grams on sand-free dry 

matter basis 



J^ate 

of 

Sampling. 

i 

Part of Plant, i 

i 

1 

In- 

soluble 

Ash 

Solu- 

ble 

.Ash 

1 

1 

Lime j 
CaO ! 

1 

1 

Mag- 

nesia 

MgO 

1 

phos- : 
phone 
Acid ' 

iy>s , 

[^otash 

KoO 

Fotal 

Nitro- 

gen 

N 

24/11/44 

Whole j 

0.001 

0.064 

0.012 j 

0.003 

0.004 ; 

0.025 j 

0.011 

10 1 45 

Loaves j 

0.16 

4.26 

0.88 j 

0.26 

0.18 

1 45 ! 

0.83 


Stalks 1 

(L(K>4 

0..54 

o.o.s 1 

0.02 

0.03 

0 27 , 

0.08 


Whole 1 

0.164 

4.80 

0.93 1 

0.28 

0.21 

1.72 

0.91 

17/1 45 

[ 

Loaves { 

0.22 

5.84 

1.27 i 

0.34 

0.26 ! 

2.08 

1.11 

Stalks j 

(L003 

1 .16 

0.11 . 

0.04 

0.05 1 

0.57 i 

0.16 


Whole 

(L223 

7.00 

1.38 

0.38 

0.31 

2.65 , 

1 .27 

24 I 45 

Loaves 

0.21 

6.69 

1.42 ; 

0.37 

0.34 

2.45 : 

1 10 


Stalks ' 

0.02 

2.20 

0.21 1 

0.09 

0.11 

1.13 

0.27 


Whole i 

0.2'1 

8,89 

1.63 . 

0.46 

0.45 i 

3.58 1 

1 37 

31 1 45 

i 

Sand leaves ! 

0.09 

1 .8.S 

0.53 j 

0.11 

0.05 

0.38 ' 

0.13 


Pipe leaves , 

0.13 

2.57 

0.65 

0.14 

0.09 , 

0.86 

0 25 


(ireen loaves 

0.08 

3.85 

0.67 , 

0.18 

0 26 , 

1.61 1 

0.76 


Stalks 1 

0.04 

3.18 

0.36 ; 

0.14 

0.20 

1.56 

0.42 


Whole j 

0,34 

11.45 

2.21 

0.57 

0.60 

4.41 

1 .56 

7 2/45 

2 Pipe leaves , 

0.02 

1.36 

0.36 1 

0.05 

0.08 i 

0.45 

0.21 


Ctrooii leaves | 

0.06 

3.75 

0.77 

0.18 

0,25 . 

1.49 

0.81 


'I'o]) leaves j 

0.(K) 

0.68 

0.12 1 

0.04 

0.06 i 

0.30 

0.22 


1 ojipings 1 

0.00 

1 .22 

0.12 ! 

0.(»7 

0.12 * 

0.60 

0.31 


Stalks : 

0.02 

3.72 

0.49 

0.18 

0 23 

1.83 

0.4S 


Whole ' 

0.10 

10.73 

1,86 ! 

1 

0.52 

0.74 

4.67 

2.(»3 

14 2,45 

2 Pijie leaves l 

0.01 

1.41 

0.34 ! 

0.07 

0.08 

0.53 

0.25 


p 7 (ireen leaves \ 

O.IH) 

2.91 

0.65 1 

0.15 ! 

j 0.18 

1.17 

0.67 


Stalks 

0.005 

3.55 

0.48 ! 

0.17 

1 0.24 ; 

1 .66 

0..56 


Whole j 

0.015 

7.87 

1.47 : 

0.39 ! 

J 

1 0.50 : 

1 

3.36 

1.48 

27^2/45 

! 3 Pipe leaves i 

0.006 

2 . 12 

0.53 1 

0.15 

1 0.11 i 

0.73 

0.46 


4 (ireen leaves ! 

O.Ol 

2.22 

0.57 1 

0.17 

0.10 1 

0.68 

0.52 


Laterals j 

0.01 

4,24 

0.48 ' 

0.19 

1 0.18 1 

1.07 ; 

0.76 


! Stalks i 

0.09 

3,49 

0.48 

0.16 

0.19 1 

1.62 

0.52 


Wliole i 

1 

0.116 

12.07 

2.06 

0.67 

0.58 1 

J 

4.10 

2.26 

«/3 45 

4 PijH? leaves j 

0.005 

2.04 

0.58 

0.15 

0.11 i 

0.59 ! 

0.40 


literals | 

0.00 

3.34 

0.(S3 

0.21 

0,20 1 

1.28 i 

0.81 


Stalks [ 

0.05 

3.90 

0.58 

0 20 

0.21 

1.78 

0.59 


Whole 1 

0.055 

9.28 

1.79 

0,56 

0.52 

3.65 . 

1 .80 
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Table VI 1. Nutrient Status on Per Plant Basis. Light-p»iase 
Silt- LOAM Soil, 1944-45 Season 
JCxpressed in grams on sand-free dry matter basis 


Daw 


In- 

Solii- 

i 

1 

Lime 1 
CaO ; 

Mhb- 

of 

' J’art of Plant. 

soluble 

ble 

nesia 

Sampling 

1 

Ash. 

-\sh 

MgO 

24,11 44 

■ Whole 

(1.001 

0.064 

O.Ol'i I 

0 .003 

10 1 45 

Lea\ (*.s 

0.05 

2.85 

0.58 i 

0.12 


Stalks 

0.01 

0.42 

0.04 ■ 

0.01 


W'liolc 

0.06 

3.27 

0.62 I 

1 

0.13 

17 1 45 

Leaves 

0.03 

6.00 

i.37 i 

0.24 


, Stalks 

0.01 

0.95 

0.11 1 

0.03 


Whole 

0 .04 

6.95 

1.48 1 

0.27 

24 1 45 

J. eaves 

0.12 

7.84 

1.89 i 

0.33 


Stalks 

0.02 

2.23 

0.2S 1 

0.07 


Whole 

0.14 

10.07 

2.14 

i 

0.40 

311 45 

» 

4 Pipe leaves 

0.15 

3.62 

0.99 1 

0.12 I 


(ireen leaves 
, Laterals and 

0.01 

3.50 

0.75 . 

(1.13 1 


sand leaves 

0.13 

3.32 

0.92 : 

0.13 1 


, Stalks 

0,02 

2.88 

0.37 ! 

0.08 1 


Whole ; 

; 0.31 

13.32 

3.05 

0.46 j 

7 2 45 

4 Dot loin leaves 

0.06 

4.98 

1 1.55 i 

0.18 ' 


1 .eaves 

1 0.03 

5.93 

i 1.57 ; 

0.20 i 


, Stalks 

1 0.04 

5.05 

! 0.76 1 

0.18 i 


■ Whole 

1 0,13 

15.96 

3.88 , 

0.56 1 

14 2 45 

' 4 Dot tom leave.s 

1 0.09 i 

4.73 

1 ! 

0.17 1 


1 -eaves » 

! 0.12 ' 

8.77 

' 2.59 

0.31 ' 


' Stalks 

; 0.04 

5.01 

0.86 

0.20 ' 


Wliole 

1 0,25 

18.51 

5.06 , 

0.68 

22 '2.45 

3 1<1| e leaves 

1 0.07 

3.25 

1.15 i 

0.12 


(Ireen leaves 

1 0.08 1 

11. 29 

3.62 : 

0.39 


1 Laterals 

i 0,01 1 

2.14 

0.34 

0.09 


St alks 

0.02 1 

5 34 

0.96 i 

0.25 


Whole 

0.18 1 

] 

1 2 *^ 0'^ 

! 

6.07 ; 

1 . 

0.85 

6/3 45 

' 3 Pipe leaves 

0.01 

3.61 

1.35 i 

0.14 


I -eaves 

0,08 i 

10.92 

3.67 1 

0.40 


Laterals 

0.07 1 

5.29 

0.88 1 

0.22 


Stalks 

0.02 

5.68 

t 1.03 ; 

0.24 


Whole 

i 

0.18 

1 

25.50 

6.93 1 

1 

1 .00 


Phos- 

phoric 

Acid 


0.004 


0.13 
0 .02 
0.15 

0.25 

0.04 

0.29 


0.37 I 
0.11 ! 
0.48 ! 

J 

0.12 I 

0.25 ; 

0.10 I 
0.18 ' 
0.65 I 

0.13 1 

0.28 I 

0.25 : 
0.66 i 


0.31 j 
0.83 I 

0.08 
0.44 
0.18 
0.30 ' 
1 .00 ' 

0.07 1 
0.34 ! 
0.36 I 
0.29 I 

1.06 i 



'lotal 

Potash 

Nitro- 

KgO 

gen 

N 

0.025 

o.on 

1 .08 

0.68 

0.21 

0,08 

1.29 

0.76 

2.17 

1 .41 

0.47 

0.17 

2.64 

I .58 

2.72 

1 .70 

1 .09 

0.39 

3.81 

i 2.09 

1.16 

1 ■ 

0.55 

1.39 1 

1 .()9 

0.98 ‘ 

! 0.47 

1 .38 

[ O.SC 

4.91 

! 2.83 

1 

1 .36 

0.7(t 

2.05 

! 1,48 

2.33 

1 0.89 

5.74 

1 3.07 

1.16 1 

! 0.57 

2.70 ! 

! 2.00 

1.49 

1 I.OI 

5.35 

1 3.58 

0.69 

0.34 

2.55 

2. IS 

0.91 

0 69 

2,37 1 

1 .03 

6.52 

4.24 

0.63 j 

0.37 

1.94 1 

1 .95 

2.09 

1 1,53 

1 .66 

1.11 

6.32 

1 4.96 


While the data on the per plant basis are of more inter(»st to the 
investigator than corresponding figures on a per acre basis, the latter 
have a value to the agriculturist in showing the demand on the soil for 
nutrients provided from its own resources or from those in conjunction 
with added fertilizer. By using the factor 13.227 data on the gram 
per plant basis may be calculated to a pounds per acre b.isis, a.ssuming 
that 6,000 plants were set out per acre. Nutrient .status of the whole 
plants for the various sampling periods is given below in Table VIII, 
the quantities of each nutrient being expressed in pounds per acre. 
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TAHLK Vlll .VlJTKII NT STAirs OF Pl.AXTS. IN PoifNDS PhR ACRF, 1944-45 






1 

l*ho.s- 

, 



Date 1 

Solulih' 

Linu* 

! Magnf.sia 1 

plioric 

! Potash 

Nitrogen 

[.ocalion. 

of 1 

Asli 

('aU 

1 \IK() 1 

Acid 

KoO 

N 



11) 

11) 

! 11. ! 

i *2^-^.'* 

lb 

lb 


Sampling. | 



j 1 

lb 



Medium 

24/11/44* j 

0.S6 i 

0.16 

0.04 j 

0.05 

’ 0.33 

i 0.15 

sand 

10/1/45 1 

63 . 5 

12.3 

. 3.7 ! 

2.8 

22.8 

12.0 


17/1/45 ‘ 

92.6 ' 

18.3 

, 5 C 

4.1 

35 . 1 

16.8 


24/1/45 ; 

117.6 

21 .6 

6.1 

6.0 

47.4 

18.1 


31/1/45 

151 .4 

29 2 

7.5 

7.9 

58 . 3 

20.6 


7/2/45 * 

141 .9 

24 !6 

6.9 

9.8 

61 .8 

26.9 


14/2/45 

104.1 

19.4 

5 2 

6.6 

44.5 

19.6 


27 '2 '45 

159.6 

27.3 

8.9 

7.7 

54.2 

29.9 


63,45 

122 S 

23.7 

7 4 

6.9 

48.3 

23.8 

Silt 

24/11/44* ‘ 

0.S6 

0 16 

0.04 ' 

0.05 

0.33 

0.15 

loam 

! 10 1/45 . 

43.3 

8.2 

1 .7 

2.0 

17.1 

10.0 

1 

1 17/1/45 

91 9 

19.6 

3 6 

3.8 

34.9 

20.9 

1 

i 24/1/45 

133.2 

28 3 

5 3 

6.3 

5(‘.4 

27.7 


; 31 1/45 

176.2 

40 0 

6. 1 

8.6 

64.9 

34.8 


7 2 45 

211 1 

51 .3 

7.4 

8.7 

, 75.9 

40.6 

i 

14 2 45 

244. S 

66.9 

9.0 

11.0 

70.8 

47.4 

1 

1 

; 22 2/45 

291 .3 

80.3 

11 3 

13.3 

86.2 

56.1 

1 

6 3 45 

337.3 

91 7 

13.2 

14.0 

83.6 

65 6 


^ DattMjf pl.oitiii^ 111 llu* 

Th<.‘ data of Table show tliat dunii^ the jxMiod of most rapid 

growth at th<' Kescan h Station the plants wi‘re accumulating ])otash 
at tlie rate of al)out I Ih of per acre per dav and nitn)gen and lime 
at about half this rate. Magnesia and j)hosphoric acid were being ab- 
soii)ed at the rate of <»nlv b.2 lb. pt*r acre jht day. Hut on the heavier 
soil ])otash was being taken u]) at the rati* of more than 2 lb. per acre 
per dav. Nitrogen and lime rates were l -li lb. )ht day. Magnesia and 
phosphoric a< id were lu‘ing absorbed at about the same or sliglitly lower 
rate than at the Resean h Station. Once harvesting began on 31st 
January at the Re.seareh Station tlu‘ .state of atfairs on the two areas 
was quite different. Due to removal of n])e leaves and a lower rate of 
absorption tlie (juantity of nutrients in later samples from the Research 
Station was generally iower than at 31st ]aiuiarv, but on the silt loam 
accumulation of nutrients proceeded at rates as great as or great(*r than 
those in the earlier period. This was due to the continued rapid develop- 
ment of dry matter on this area. Harv(‘sting did not begin luTe until 
22nd hVbruarv. 

Discussion ; 

Analy.sis of tin* detailed data for periods after harvesting began 
shows that ripe leaves removed at any one harvest had a lower percentage 
of dry matter than the remaining leaves but that in passing towards the 
top of the plant there was a tendency for the ripe leaves to approach more 
closely to the dry matter content of the remainder. This difference in 
composition was particularly well-marked on the heavier soil. 
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lixamination of the data for development of dry matter after harves- 
ting began at the Research Station shows that increases, as set out in 
Table IX, occurred during the periods between the first and the second 
dates of each line of the table, these increases being calculated 
from the total weight of remaining leaves and stalk, after removal of ripe 
leaves on the first date, but including ripe leaves on the second date. 
It is clear that this should be done because “ nearly ripe ” leaves of the 
first date of any pair will become the “ ripe leaves picked on the second 
date. 


Table IX. Increments of Dry Matter in Pounds per Acre 
Between Successive Samplings 


Location. 

l^eriod . 

Kainfall 

in 

! I olal Dn’ Matter 
Increment 
lb. 

Leaf Dry Matter 
Increment 
lb. 

Medium 

31/i;45-7/2/45 

1.85 

556.7 

243.8 

sand 

7 '2/45-14/2/45 

1 .45 

133.2 

55.4 

1 

14/2/45-27/2/45 

0.89 1 

302.7 

85 7 


27/2 45-6/3/45 

4.50 

154.8 

26.2 


' lotals 

8.69 

1147.4 

411.1 

Silt 

31/1/45-7/2/45 

1.85 

370.4 

294.5 

loam 

7/2/45-14/2, 45 

1.45 

396.9 

209.2 


14/2/45-22,2/45 

0.89 

383.2 

41.6 


22/2 '45-6/3/45 

4.50 

391 .5 

15.3 


Totals 

8.69 

1542.0 

560.6 


These data demonstrate plainly the continued growth of stalk and 
laterals at the Research Station (medium sand) as compared with the 
development of harvestable leaves, the increment for harvestable leaves 
falling rapidly after 7th February. In other words, leaves left on the 
plant for later harvests did not grow very much in the time intervening 
between one harvest and the next. Doubtless the dry weather in h'eb- 
ruary reduced the rate of growth not only of harvestable loaves but (jf 
the plants as a whole. On the silt loam rapid growth continued during 
February until the first harvest on the 22nd. These plants had been 
topped at about four feet high about 10 days previously. After the 
first harvest was taken there was a very marked drop in dry matter 
increment of the leaves. Rain came too late for it to have a marked 
effect on growth before 6th March, the date of the last recorded figures. 
Stalks and laterals continued to develop rapidly even though leaf growth 
was restricted. 

Changes in chemical composition of the leaves and other ])arts of the 
plants occurred also after harvesting began. On the medium sand 
lime, magnesia and potash decreased in the leaves during ripening until 
about the middle of the plant was reached (third liarvest). The two 
former constituents then increased with increasing maturity of the 
leaves but potash tended to decrease slightly. Phosphoric acid and 
nitrogen increased in percentage in passing from lower to upper leaves ; 
the former tended to increase but the latter to decrease during maturation 
of the leaves. On the heavier soil lime and magnesia increased in con- 
centration in leaves nearer the top of the plant and also increased during 
maturation. Phosphoric acid and nitrogen decreased in percentage 
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amount during ripening and were relatively constant in passing from 
lower to upper leaves. Potasli tended to decrease towards the top of the 
j)lant. but to increase during maturation of tlie leaves ; the content of 
potash remained relatively constant however at about 4 percent. KgO. 

From the detailed data on the amounts of the several nutrients in the 
ripe and unripe leaves and in the stalks and laterals it is demonstrable 
that right through the season, even after harvesting began, accumulation 
of nutrients still took place, often to an appreciable extent, although 
of course the plants were carrying fewer leaves after each succeeding 
harvest. This was true for the total intake at both locations. From the 
more complete data for the medium sand area it is clear that nutrients 
continued to pass into the leaves during ri])cning. For lime, magnesia 
and phosphoric acid the intake by the plant after harvesting began 
comprised for each of these constituents ap]>roximately half the intake 
for the whole season ; for soluble ash and potash the pro])orti()n was two- 
fifths and for nitrogen three-fifths. Thus in the latter case more nutrient 
was absorbed after harvesting began than in the earlier portion of the 
season. On a daily Imsis tlie increments of nutrient for magnesia and 
])hosphoric acid averaged about 0.2 lb. per acre per day but for lime, 
potash and nitrogen the average was about one pound per acre jxm* day. 
Over corresponding periods on the silt loam, with the c<)ntinued rapid 
growth, the rate of intake reached double that for the medium sand. 

On each occasion that ripe leaves were available the experimental 
area was picked over by the Research Station staff after the whole 
plants had been cut for analytical work, 1'he.se leaves were flue-cured 
in the same manner, as the crop of the Station. Fach harvest was 
kept separate and samples of cured leaf were made available for analysis 
at the end of the spason. This material was examined for minerals, 
nitrogen and .sugars contents. 1'he leaves having been separated into 
blade and midrib portions renders it impossible to make a direct com- 
]>arison with the minerals and nitrogen data for the ripe (whole) leaves 
from the plants selected in the field. Analyses of cured leaf separates, 
blade and midrib for each of the* five harvests of the 1944-45 season are 
given in Table X. 

Taking, first, compari.son of blade with midrib, it is noted that thv 
latter is outstandingly rich in potash, there being more than twice as 
much in the midrib as in the l>lade. The midrib is also very rich in 
soluble ash. Lime content is approximately the same in both portions 
of the leaves but magnesia and phosphoric acid arc present in greater 
amounts in the midribs ; on the other hand nitrogen is usually appreciably 
greater in the blade. In respect of changes with successive harvests, 
soluble ash, lime, magnesia and potash show higher figures for early 
and late harvests than for intermediate ones. Phosphoric acid and 
nitrogen tend to increase in passing from lower to upper leaves ; the last 
sample however appears to be aberrant in the midrib for these con- 
stituents. 

Glucose, fructose and sucrose are higher in the blade than in the 
midrib. Two samples of midrib were unfortunately apparently over- 
heated during drying in the laboratory so that the sugars data for these 
are somewhat doubtful. High figures for sugars are shown for the 
first three sets of samples. There is a marked tendency for sugar con- 
tent to fall, especially in re.spect to sucrose, after the second harvest. 
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This combined with increasingly large nitrogen contents, especiallv in 
the blade, results in the ratio of total sugars to total nitrogen showing a 
marked decline with each successive harvest. Th(‘ ratios for later 
harvests are such that the leaf is indicated to be of poor f|uality for 
cigarette purposes. 


B. 194546 AND 1946 47 Se.\sons 

It has already been stated above that in these two seasons a different, 
broader leaved strain of Harri.son's Special variety of tobacco was used 
than the one previously grown at the Research Station. Moreover a com- 
])arison of develojiment of the plant and nutrient status has been made 
on two neighbouring soil tyi)es. More detailed records luue l)een ke]^t 
also during the experiments than previously. 

In both seasons tlie jilants were set out on 3rd December. The 
194546 season was an exceptionally dry one and irrigation water was 
supplied on 15th and 3()tli January, 1946, at the Research Station. On 
the heavier soil of the commercial grower's ])roperty no supplementary 
water was used. Over most of the growing and harvesting peiiod in 
194647 the weather was dry. At the Research Stati«)n the croj^ was 
irrigated on 29th January, 1947. No water was supplied to the crop 
on the heavier soil. 

Yield of Dry Matter 

(a) Medium Sand (Tobacco Rcfiearch Station): 

Yield of dry matter in terms of grams per ])lant and ])ounds pt*r acre, 
and j)ercentage of dry mattcu*, in the various scjiarates from th(‘ plants 
at the T(d)a('co Research Station in the 194546 season are shown in 
Table XI. It will be noted that the young jdants were \'erv high m dry 
matter content as compared with i)revious seasons. .\t the first sam- 
pling after setting in the field (at 44 days on 16th Januarv, 1946) the 
percentage of tlry matter in the leaves was still relatively high but that 
of the stalks had fallen to a h*vel near that previously recorded for young 
plants, (irowth had been fairly satisfactory in spite of the rather cold 
but fairly dry December. No doubt the' warmth and dryness of Januar\ 
had brought the plants ahead. At tliis time tliev were 12 14 in high 
and had 7 formed leaves. The weekly samplings show that rapid growth 
continued through January and hVbruary. 'Phus betweiMi 16th Januarv 
and 23rd January the plants doubled in height, l^y the end of the month 
they were sending u]> flower stalks. When the first har\'est of rijie 
lea\Ts was made on llth February the avcTage dry matter ]wy plant 
was 185.47 g., this being equivalent to 2453.2 lb. per acre. Ihe dry 
matter content of the ripe leaves was 15.59 ])er ( cnt. with unripe leaves 
showing nearly 19 ])er cent. Maximum yield of dry matter in leaves 
was reached at the sampling on 25th February, in s])ite of the previous 
removal of six ri[)e leaves from the plant. Bv this time too the stalks 
had almost reached their greatest WT'ight. In keeping with the dry 
conditions the percentages of dry matter in the leaves at tht‘ end of 
February and in March were very high, the maximum figures being 
23.0 per cent, for ripe and 25.9 per cent, for nearly ripe l(*aves. It is 
noticeable that on every occasion rijie leaves sliow'ed a percentage of 
•dry matter, usually Iowtm' by about one ])er cent., than that of nearly 
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Table XI. Nutrient Intake Experiment 1945-46 Season, Tobacco 
Research Station, Medium Sand Soil 
Yield of Dry Matter and Percentage of Dry Matter 


Date 

of 

Part of Plant. 

Dry Matter 
per cent 

Dry Matter 
i>er plant. 

Dry Matter 
per acre. 

Sampling 


grn 

lb. 

3/12/45 

Whole 

24.32 

0.98 

13.0 

16/1/46 

Leaves 

14.94 

29.81 

:194.3 


Stalks 

8.74 

4.53 

.59.9 


WTiole 

13.66 

34.34 

454.2 

23/1 /46 

1 Agaves 

13.76 

.52.57 

695.3 


Stalks 

8.34 

11.12 

147.1 


WTiole 

12.33 

63.69 

81 .26 

1 842.4 

60/1/46 

Leaves 

16.22 

i 1074.8 

Stalks 

9.41 

22.50 

297.6 


Whole 

14.00 

103.76 

1372.4 

1 ^ 

6 '2 46 

Leaves 

17.88 

92.71 

1 1226.3 


Stalks 

11.97 

46.44 

I 614.3 


Whole 

15.35 

139.15 

: 1840.6 

11 '2'4fi 

3 Ripe Leaves 

15.59 

20.. 53 

' 271.5 


3 Near ripe leaves 

18.98 

29.77 

1 393.8 


13 (Ireen leaves i 

18.76 

1 65.54 

866.9 


Stalks and flower head 

14.76 

i 69.63 

921.0 


Whole 

16.71 

185.47 

: 2453.2 

18/2 46 

3 Kifie leaves 

17.04 

25.57 

; 338.2 


3 Near ripe leaves 

17.50 ] 

32.39 

428.4 


10 (ireen leaves 

20.80 

57.10 

755.3 


T oppin gs ( 1 3/2 /46) 

15.82 

10.57 

i 139.8 


Stalks * 

13.96 

67.73 

895.9 


Whole 

16.64 

19.3.36 

2557.6 

25 '2,46 

3 Ripe leaves 

23.00 

42.95 

568.1 


3 Near ripe leaves 

25.94 

39.95 i 

.528.4 


7 (ireen leaves 

21.29 

37.57 : 

496.9 


Laterals 

20.75 

6.12 1 

80.9 


Stalks 

16.69 

86.8:1 , 

1148.5 


Whole 

20.01 

213.42 

i 2822.8 

5/3/46 

2 Ripe leaves 

21.07 

23.65 

312.8 


3 Near ripe leaves 

22.21 

29.37 

388.5 


5 (Iroeii leaves 

22.31 

36.03 

476.6 


Laterals 

11.21 

11.54 

152.6 


Stalks 

15.75 

73.28 ! 

969.3 


Whole 

17.85 

173.87 

2299.8 

12/3/46 

3 Ripe leaves 

20.25 

32.71 

432.7 


3 Near ripe leaves 

21.38 

25.63 

339.0 


2 Cireen leaves 

21.75 

13.16 

174.1 


Laterals 

11.03 

20.73 

274.2 


Stalks 

17.43 

86.72 

1147.0 


W'hole 

17.42 

178.95 

2367.0 

26/3/46 

5 Ripe leaves 

20.49 

:i3.72 

446.0 


lAiterals 

13.51 

71.87 

950.6 


Stalks 

22.88 

i 121.11 

1601.9 


Whole 

18.49 

226.70 

[ 

2998.5 
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ripe leaves. In this season the yield of dry matter was higher than had 
been previously recorded at the Research Station and approximated 
the figure obtained on the silt loam in 1944-45. It is seen from Table 
XI that 19 leaves j)er plant were left after toj)])ing and that all of these 
were eventually harvested as ripe leaf, the last samples being obtained 
on 26th March, 1 13 days after the ])lants had been set in the field. The 
quantity of laterals at this date was unusually high, as was the fijuire for 
dry matter content of the stalks. 

Yield data and percentages of dry matter in the plant separates for 
the 1946-47 season are set emt in Table XII. At the beginning of this 
season growth appears to have been slower than in 1945-46, due p)n)l>ably 
to the long dry period from mid-November onwards. By mid-January 
the plants were 9-12 in. high, and by 6th February. 1947, the\' were 
beginning to send up flower stalks. Harvesting began on 1 1th February, 
the same date as in the previous season, but the total di^^ matter in the 
plants in 1947 was only 157 g. compared with 185 g. the year before. 
In spite of the dry weather the percentages of dry matter in the leaves 
at this date were lower than in the latter season by from 3 to 5 per cent. 
At top])ing 17 leaves were left on the plants, that is two less than in 1946. 
From mid-Man'h onwards the leaves were distinctly yellowish green, 
whereas on th(‘ silt loam at this time the ]>lants still looked dark green. 
By March the percentages of dr\' matter in corresponding separates were 
similar for the two seasons under discussion, but for the last sample on 
27th March, 1947, the laterals and .stalks showed lowered contents of 
dry matter, due possibly to the rains of 21st-24th March amounting to 
2.18 in. The plants carried the maximum amount of leafage for the 
season at thi‘ sampling on 24th h'ebruary, that is, at the same juniod 
in the season as in the previous year, but the maximum amount of dry 
matter in the whole jdants at any one time was not reached until 10th 
March. Development of dry matter in the stalks ajipeared to cease 
after the middle of Marcli. In 1947 only 15 of the 17 leaves left at 
topping were harvested, thus leaving two leaves with the laterals on the 
plants at the end of tlie season. Laterals at this time provided 10.8 g. 
of dry matter per plant or 191.5 lb. per acre, compared w’ith the un- 
usually high figure of 950.6 lb. at the end of the previous season. 


{b) Silt Loam Soil : 

Although the early part of the 1945-46 season was generally ve ry dry, 
the silt loam area on w’hich this ex|K^riment was set out was somewhat 
cold and damp, especially in the early part of the season. Conscciuently. 
as seen in Table .XllI, tlic plants did not come away well after planting. 
Thus at the end of 44 days they contained approximately only half as 
much dry matter as the medium sand plants on the same date, fhe 
percentage of dry matter in the leaves was low but the stalks showed 
nearly the same figure as those on the ligliter soil. On 25th February, 
1946, when the first harvest was made, the plants having been toi>ped to 
13 leaves on the 20th, the whole plants yielded only 161.4 g. of dry 
matter per plant, as against 213.4 g, on this date at the Research Station ; 
moreover, the latter had already had 6 ripe leaves removed. On the silt 
loam the percentages of dr\^ matter were relatively low in the leaves 
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Tabi.k XIl. Ni'TRIent Jntakk Kxperimknt 1946-47 Season, I ojiacco 
Research Station, Medium Sand Soil 
Yield of ]).ry Matter and Percentage of Dry Matter 


Date 

of 

Sampling. 


Part of Plant 


Dry Matter 
]>er cent 


Dry Matter 
per plant, 
gm 


Dry Matter 
per acre 
Il> 


3/12/46 


Whole 


9.89 


0.56 


7.4 


15/1/47 

Leave.s 

1 13.62 


Stalks 

* 8.04 


Whole 

12.84 

29/1/47 

Leaves 

12.02 


Stalks 

9.54 


Whole 

11.35 

6/2/47 

1 .eaves 

15.78 


Stalks 

8.44 


Whole 

12.84 

1 1/2/47 

3 Ripe leaves 

12.31 


3 Near ri])e leaves 

14.65 


1 1 (ireen leaves 

13. ,59 


'loppings 

11.73 1 


Stalk.s 

10.47 1 


Whole 

12.92 ; 

24,2 47 

3 Rijie leaves 

I5.SI j 


3 Near n])e leaves 

24.40 1 


8 (irecn leaves 

"20.24 


Stalks 

13.13 1 

1 

Wliole 

16.96 j 

10/3/47 j 

3 Ripe leave*? 

19.77 ' 


3 Near ripe leaves ' 

21.72 

1 

5 Green leaves i 

23.87 

1 

1 

Stalks i 

15.27 

! 

Whole 1 

- — . J 

18.23 

19/3/47 

3 Ripe leaves i 

21.18 


3 Near iipe leaves 

21.18 


2 (ireen leaves 

22.51 


l^ateials 

13.71 i 


Stalks 

16.38 ; 


Whole 

18.01 

27/3/47 

3 Rijie leaves { 

20.02 1 


2 Near ri))e leaves j 

25.18 } 


Laterals i 

12.04 ' 


Stalks j 

15.69 


Whole 

16.60 



. 




22.64 

1 299.5 

2.17 

, 28.7 

24.81 

328.2 

! 

54.26 

1 717.7 

15.8:^ 

i 209.4 

70.09 

1 927.1 

88.90 

; 1175.9 

31 .63 

1 418.4 

120.53 

! 1594.3 

16.63 

; 220.0 

25.03 

331.1 

60.75 

1 803.5 

6.65 

88.0 

48.05 

635.6 

157.11 

2078.2 

28.57 1 

377.9 

41.62 i 

550 . 5 

51.12 

676.2 

62.76 

, 830 . 1 

184.07 

2434.7 

37.81 1 

500 1 

35.19 I 

465.5 

36.42 1 

481 .7 

88.68 ; 

1173.0 

198.10 ; 

'2620.3 

32.41 I 

4‘28.7 

22.69 ‘ 

:<oo. 1 

10.04 

132.8 

3.. 55 

47.0 

92.08 

1217.9 

160.77 

2126.5 

26.34 ; 

348.4 

14.48 

191 .5 

10.80 

142.8 

91,95 j 

1216.2 

143,57 

1898.9 


right throughout tlte .season and especially at the end, following the 
rains of March and early April. The dry matter percentages for 9th 
April are low du(‘ to the plants not having dried completely after the 
heavy rain of 6.87 in. on 6th and 7th, followed by showers on 8th and 
9th. As at the Research Station laterals constituted a large proportion 
of the dry matter of the plants at the end of the season. Production of 
dry matter on this area was much below that on the lighter soil in this 
season. Harvested leaf corresponded to 103.3 g. per plant as against 
179.1 g. at the Research Station; these figures represent yields of 
1,366.5 lb. and 2,369.3 lb. per acre. 
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Tahik XI II. NrTkitNT Iniaki*: ICxpkrimrnt 1945-46 Skason, 
J.iGHT-PiiASK Silt-loam Soil 
\'idd of Dry Matter and Percenlaf{e of Dry Matter 


Date 

of 

Sampli'iR- 

l*arl of Plant 

i 

Dry Matter | 
per rent | 

I Dry Matter | 
])er plant 

Km. 

1 1 

Dr\ Matter 
per acre 

11) 

3/12,45 


24.32 

1 0.98 

i 

13.0 

16 146 

Leaves 

1 3 . 66 

17.19 

i 227.4 


Stalks 

8.30 

j 1.52 

; 20.1 


Whole 

12.98 

i 18.71 

1 247.5 

1 46 

1 .eaves 

16,97 

53.81 

! 711.7 


Stalks 

9.25 

1 10.12 

133.9 


Whole 

14.99 

1 63.93 

, 845.6 

1 1 2 4« 

1. eaves 

14.78 

I 87.17 

' 11,53.0 


Stalks 

13.71 

41.91 

554.3 


Whole 

14.41 

129.08 

1707.3 

25 2 46 

3 Pipe leaves 

19.45 

' 25.95 

343.2 


3 Near ripe leaves 

18.25 

24.76 

’ 327.5 


7 (irt‘en leaves 

22.00 

46.81 

' 619.2 


ropjiin^s (29 2 46) 


4.96 

65 . 6 


Lateials 

13.74 

2.02 

j 26.7 


Stalks 

14.59 

56.92 

! 752.9 


Whole 


161.42 

1 2135.1 

12 3-46 

3 Ki])e leaves 

17.27 

25.90 

i 342.6 


3 Neai npe leaver 

17.05 

i 20.54 

! 271.7 


4 (Heen leaves 

17.66 

1 16.25 

214.9 


Laterals 

10 98 

1.01 

1 13.4 


Stalks 

16.20 

1 62.50 

; 826.7 


Whole 

16.66 

1 126 20 

! 1669.3 

26 3 46 

3 l<i])e leaves 

15.19 

25.78 

• 341.0 


4 Near npe leaves 

15.07 

i 20.09 

j 265.7 


Laterals 

9.(t0 

1 33.55 

443.8 


Stalks 

15.00 

1 61.11 

! 808.3 


Whole 

13.26 

' 140.53 

.1 

1858.8 

9/4 46 

4 Leaves 

16.12 

! 25 68 

339.7 


Lateials 

12.11 

88.79 

1174.4 


Stalks 

17.24 

83.01 

1098.0 


Whole 

14.38 

197.48 

2612.1 


Tlic montli Ix-foro ])lantin{? and tlu* month iinmcdiatoly after planting 
in the 1946-47 seascm were unusnally dry, and the })lants. set out on the 
same small field tliat was used for the exix'riment on the sift loam in the 
previous season, did in)t com(' away at all well. As will lx; seen by 
eomj>arison of the yield data in Table XIV with those for corresponding 
dates in Table XU I, the development of dry matter was ver\' slow, 
although by the time the first harve.st was made on 10th March, 1947, 
the plants were larger than were those of the previous year on 25th Feb- 
ruary, 1946. when the first harvest of the 1945-46 season was taken. 
It will l» noticed too that the plants were topped very high, 21 leaves 
being left on the plants. Percentages of dry matter were low during the 
earlier part of the season in 1947 Imt by the end of the season in April 
the percentages of dry matter were generally similar to corresponding 
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separates at the end of the previous season. The plants carried the 
maximum amount of dry matter for the season at the sampling of 10th 
March, 1947, with a total of 183.3 g,, corresponding to 2,424.0 lb. per 
acre. Yield of harvested leaves was 117.6 g. per plant, or 1,555.0 lb. 
per acre, these figures being approximately 14 per cent, higher than those 
of the previous season. It is of interest, too, to note that the .stalks 
of the plants were appreciably larger in 1946-47. 


Table XIV. Nutrient Intake Experiment 1946-47 Season, 
Light-phase Sii.t-loam Soil 
Yield of Dr>" Matter and Percentage of Dry Matter 


Date 



Drv Matter 

Dry .Matter 

of 

Part of Plant . 

j-^ry AViaiXci 

per plant. 

per acre. 

Sampling. 



gm. 

U). 

3/12/46 

WJiole 

9.89 

0.56 

7.4 

29/1/47 

Leaves 

13.20 

16.06 

212.4 


Stalks 

11.24 

1.91 

25.3 


Whole 

12.96 

17.97 

237.7 

11.2/47 

I.«aves 

15.34 

46.79 

618.9 


Stalks 

9.16 

8.95 

118.4 


Wliole 

13.84 

55.74 

737.3 

24/2/47 

Leaves 

14.12 

77.23 

1021.5 


Stalks 

8.47 

20.83 

275.. S 


Whole 

12.36 

98.06 

1297.0 

10/3/47 

3-4 Pipe k*ave.s lug.s 

13.92 

15.68 

207.4 


3 Near ripe leaves 

15.77 

22.23 

294.0 


IS (ireen leaves 

17.52 

78.90 

1043.6 


Stalks 

12.43 

56.19 

743.2 


I'opping.s 

13.77 

10.27 

135.8 


Whole 

14.91 

183.27 

2424.0 

27/3/47 

3 Ripe leaves 

14.23 

23.23 

;107.3 


3 Near ripe leaves 

15.79 

24.43 

323.1 


12 (ireen leaves 

17.98 

63.81 

844.0 


I^aterals 

11.05 

2.32 

‘M).7 


Stalks 

14.28 

66.62 

881.2 


Whole 

15.55 

180.41 

2386.3 

2/4/47 

3 Ripe leaves 

15.17 

25.56 

338.1 


3 Near ripe leaves 

15.05 

20.62 

272.7 


9 Green leaves 

15.92 

38.07 

503.5 


Stalks 

14.30 

79.51 

1051.7 


Wliole 

14.88 

163.76 

2166.0 

9/4/47 

3 Ripe leaves 

17.34 

28.71 

379.7 


3 Near ripe leaves 

16.26 

25.15 

332.7 


6 Green leaves 

17.32 

31.50 

416.7 


I.aterals 

12.01 

2.27 

30.0 


Stalks 

15.44 

85.05 

1125.0 


Whole 

16.11 

172.68 

2284,1 

16/4/47 

3 Ri})e leaves 

16.64 

24.38 

322.5 


3 Near ripe leaves 

16.52 

19.16 

253.4 


3 Green leaves 

17.00 

11.71 

154.9 


Laterals 

10.96 

4.78 

632.2 


Stalks 

16.60 

107.04 

1415.8 


Whole 

16.38 

167.07 

2209.8 
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Table XV. Chemical Composition of Tobacco, Nutrient Intake Experiment, 
ToHACCO l^ESKARCH STATION 1945-46 SEASON 
r.xpivssed as percentaKP on sand-frpp drv matter basis 


Date 

of 

Sampling 

Part of Plant. 

In- 

‘iolublc 

Ash. 

Solu- 

ble 

Ash 

Lime 

CaO 

.Maf?- 

nesia 

MgO 

Pho.s- 

phoric 

And 

T2‘>S 

Potasli 

KjC) 

Total 

Nitro- 

gen 

N. 

3/1245 

Whole 

0.35 

j 9.99 

1.76 

0.39 

0.62 

1 

4.06 

1.43 

164/46 

Leaves 

1 .23 

16.05 

3.33 

0.31 

0.72 

4.96 

3.16 


Stalks 

0.53 

• 14.90 

1.52 

j (» . 55 

0.77 

6.75 

2.41 

, * 

* , ^ , 

- 



1 — 




23/1/46 

Leaves 

0.17 

l.'>.98 

3.71 

0.84 

0.77 

4.72 

3.34 


Stalks 

0.11 

' 14.79 

1.70 

0.51 

0.68 

6.66 

2.17 

.... >. — 

- -- — - - - 

— — 

' 

— 



_ - 

— 

— 

30/1/46 

Leaves 

0.34 

12.66 

3.05 

0.66 

0.54 

4.01 

2.57 

Stalks 

0.70 

11.61 

1.28 

0.40 

0.50 

5.42 

1.65 

— 

. — 

. — _ 

j 



- 

- — 

— 

- - 

6/2/46 

1. eaves 

0.57 

j 11.63 

2.85 

0.58 

0.48 

3.73 

2.28 

Stalks 

o.n 

10.32 

1 .02 

0.35 

0 49 

4.48 

1.36 

— . . . . 





. 


. . 

— 

1D2 46 

3 Pipe leaves 

3 Near ripe 

0.19 

14.34 

4.72 

0.88 

0.35 

3.16 

1.32 


leaves 

0.17 

10.63 

2.71 

0.56 

0.35 

3.05 

1.75 


tlreen leaves 
Stalks and 

0.13 

9.11 

1.79 

0.48 

0.44 

3.31 

2.35 


flower heads 

0.16 

9..S7 

1.08 

0.36 

0.44 

4.28 

1.43 

- ^ - 

- - 


. — 



— - — 


— . 

— 

18 '2 46 

3 Kipe leaves 

3 Near ripe 

0.30 

13.79 

4.35 

0.91 

0.38 

3.04 

1.66 


leaves 

0.43 

10.72 

2.10 

0..59 

0.42 

3.07 

2.00 

i 

j 10 (ireen leaves 
Toppings i 

0.17 

1 

; 9.05 j 

2.77 1 

1 

0..57 i 

0.46 ! 

2.98 

2.41 


i (13/246) 1 

1 0.53 1 

1 10.84 1 

1.07 1 

0.63 

0.99 1 

4.43 

4.04 


Stalks 

0.13 : 

8.14 1 

0.98 : 

0.35 1 

0.38 1 

3.64 

1.35 

. — — . 

... _ 1 

j 

i 

1 

1 

— 

- ... 



25/2,46 

3 Kipe leaves 

3 Near riju* 

0 15 1 

10.62 j 

i 

3.73 j 

0.63 ! 

0.45 ! 

; ! 

2.74 

1 

1.73 


leaves 

0.28 

9,89 • 

2.75 i 

0.65 

t 0.43 i 

3.05 1 

1.87 


7 (ireen leaves 

0.04 

8.88 

2.20 1 

0.59 

0.51 1 

2.74 1 

2.40 


Laterals 

0.60 1 

12.92 

1.41 i 

0.68 

1. 41 1 

5.75 j 

4.82 


Stalks 

0,08 1 

8.96 

1.05 1 

0.41 

0.45 1 

3.98 1 

1 

1.48 

_ , 

, . « _ ._ 

- — — - 

— 

. . -j 



- j 


— — . 

5/3/46 

3 Kipe leaves 

3 Near ripe 

0.51 i 

10.41 

2.83 j 

0.65 

0.44 j 

1 

2.54 

1.63 


leaves 

0.35 

8.79 

2.34 i 

0.60 

0.56 

2.68 

1.86 


5 Cireen leaves 

0.38 

8.94 

2.M ; 

0,64 

0.44 

2.52 

2.12 


Laterals 

0,89 

12.78 

1.50 

0.84 

1.14 1 

5.81 

3.74 


Stalks 

0.20 

7.75 

1.09 

0.35 

0.36 i 

J 

3.46 

1.12 

12/3 <46 

3 Rif)e leaves 

3 Near ripe 

0.40 

9.21 

2.61 

0.61 

0.45 i 

i 

2.35 1 

1.61 


leaves 

0.15 

9.06 

2.54 

0.65 

0.47 

2.29 1 

1.92 


2 Green leaves 

0.14 

9.34 

2,58 

0.69 

0.46 

2.31 i 

2.12 


laterals 

0.02 

13.51 

1.70 

0.74 

1 .05 

5.60 1 

3.45 


Stalks 

0.18 

8.54 

1.19 

0,37 

0.38 

3.58 

0.99 

26/3/46 

5 J^pe leaves 

0.15 

11.05 

3.35 

0.84 

0.61 

2.47 

2.00 


I.<aterals 

0.06 

11.19 

1.75 

0.62 

0.74 

4.59 ! 

2.46 


Stalks 

O.Ol 

6.78 

0.92 

0.21 

0.32 

2.88 j 

0.87 
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Chemical Composition of Plant Separates : 

Chemical data for plant separates from the Tobacco Research Station 
are set out in Tables XV and XVI, the former referring to the 194546 
season and the latter to the 194647 season. Seedlings when set in the 
field were especially rich in potash, but not in respect of the other con- 
stituents determined when comparison is made with later samples. In 
194647 the seedlings were appreciably richer in all constituents than in 
194546. As the plants developed the leaves became relatively rich in 
soluble ash, lime, magnesia, phosphoric acid, potash and nitrogen until 
about the end of January when all commenced to fall in concentration. 
When harvesting began on 11th February, in each season the ripe leaves 
were well supplied with soluble ash, lime and magnesia but were lower in 


Table XVI. Chemical Composition oe Tobacco, Nutrient Intake Experiment, 
Tobacco Kesearch Station I946»47 Season 
ICxpressed as percentage on sand-frei* <lrs' matter hasis 


Date 


In- 

Solu- 

! I.inie 

1 CaO 

1 

I 

Mag- 

i IMicis- 

of 

Sampling. 

Part oi Plant 

solubh' 

Ash 

l.le 

Ash 

tiesia 

Mk< ) 

1 phoru* 

j .\iid 

! iv>« 

1 . 

3/12/46 

Whole 

0.90 

14.13 

2.75 

0.59 

1 0.75 

1 

15/1/47 

Leaves 

0.34 

15.72 

1 3.24 

0.65 

1 0.61 

Stalks 

0.42 

15.8<I 

1 1.54 

0.50 

1 0.75 

29/1 47 

I.eave.s 

0.26 

17.63 

1 4.02 

».»5 

j 0.75 

Stalks 

0.10 

12.53 

1.18 

0.43 

0.67 

6/2,47 

Leaves 

0.36 

l.S.<)4 

i 3.45 

0.71 

i 0.60 1 


Stalks 

0,10 

12.07 

1 1.22 

0.41 

1 0.69 1 

1 i 

11/2/47 

3 Pipe leaves * 

3 Near ripe 

0.43 

20.70 

6.71 

1.33 

0.4'l i 

; 


leaves 

0.16 

14.45 

4.13 

0.84 

1 0.47 1 


1 1 Cireen leaves 

0.20 

10.79 

2.36 

0.57 

i 0.61 i 


loppings 

0,42 

10.57 

0.95 

0.64 

I 1.38 j 


Stalks 

0.19 

10.03 

1.06 

0.35 

0.52 j 

24/2/47 

3 Pipe leaves 

3 Near ripe 

0.41 

13.08 

3.78 

0.78 

0.45 1 

1 


leaves 

0.36 

9 58 

2.40 

0.53 

0.41 


8 Green leaves 

0.26 

8.51 

1.75 

0.49 

0.50 


Stalks 

0.13 

9,46 

1 .22 

0.40 

0.47 

10/3/47 

3 Pipe leaves 

3 Near ripe 

0.48 

9.34 

2.57 

i 0.56 

0.48 


leaves 

0,23 

8.28 

1.94 

0.46 

0.46 


5 Green leaves 

0.29 

7.87 

1.79 

0.51 

0.44 


Stalks 

0.09 

8.27 

1.12 

0,37 

0.48 

19/3/47 

3 Pipe leaves 

3 Near ripe 

0.29 

8.99 

2.31 

C.59 

0.53 


leaves 

0.22 

8.51 

2.09 

0.61 

0.47 


2 Green leaves 

0.23 

8.18 

2.08 

0.61 

0.50 


Laterals 

1.23 

11,53 

1.27 

0.71 

1.04 


Stalks 

0.02 

8.29 

1.19 

0.42 

0.45 

27/3/47 

3 Ripe leaves 

2 Near ripe 

0.08 

9.86 

2.75 

0.74 

0.59 


leaves 

0.10 

9.90 

2.82 

0.76 

0.62 


Laterals 

0.54 

14.85 

1.53 

0.89 

1.12 


Stalks 

0.04 

8.52 

1.23 

0.40 

0.41 


4 o1 a I 


Pola.sh 

1 Nitro- 

KgO 

i 

4.76 

1 

j 2.49 

5.17 

i 2.18 

7.40 

: 2.W) 

1 

5 . 54 

! 

3.55 

6.00 

1 2.46 

4.40 

: 2.82 

5.60 

1 2.07 

3.58 

! 1.78 

! 

4.28 

1 2.32 

4.82 

j 2.98 

4.51 

1 4.50 

4.67 

1 1.67 

1 

3 32 

! 

1 1 .59 

3.13 

i 

1 .60 

3.18 

2 23 

4.06 

1.43 

2.92 

1.17 

2.77 

1 .37 

2.69 

1.67 

3.68 

1.25 

2.70 

1.56 

2.60 

1.84 

2.37 

2.16 

4.61 

3.70 

3.62 

1.25 

2.40 

2.00 

2.35 

2.30 

5.22 

3.74 

3.34 

1.28 
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potash and nitrogen than the remaining leaves. There was a tendency 
from then onwards for soluble asli, lime, ])<)tash and nitrogen to decrease 
in the leaves, while magnesia and phos})horic acid moved towards 
relatively constant values until the end f)f the season, when they in- 
creased in company with most of the other constituents. 

Taking now the clianges in leaf com])ositi()n due to maturation, 
that is, in passing from the “ nearly ripe “ to the “ rij)e “ condition, it is 
seen that in both seasons pcjtash and nitrogen decr(‘ased as the leaf 
ripened, soluble .ash and lime incr(‘as<‘d. while in gt*neral magnesia and 
j>hosj)horic acid remained fairly constant. 

Changes in ch<*mical comp<isition of the stalks are noticeable. Soluble 
ash and pota.sh, and to .some extent nitrogen contents decrease steadily 
thnmghout the season, but lime, magnesia and phosj)horic acid contents 
by early February have fallen to values which n^main fairly constant 
throughout the remainder of the season. 

riie ])lants of the 1946-47 .season began with a greater concentration 
of nutrients in their dry matter than those of the 1945-46 sea.s(m. This 
advantage was maintained by the leaves in general only until the end 
of February or early in March ; from then onwards they showed lower 
values than the corresponding separates of the 1945-46 sea.son. On the 
other hand the stalks wert* generally richer in all ('onstitiients in 1946-47 
at corresj)onding periods throughout thc' season. Young growth (lat- 
erals) was very ricli, in comparison with okUu* leaves on the plants, in all 
constituents determined, with the exception of lime*. Potash and 
nitrogen contents were particularly high. 

In Tables XVI 1 and Will are set out the cht‘mical <lata obtained on 
material from the 1945-46 and 1946-47 seasons' experiments on the silt 
loam soil. The variations in composition follow in general tho.se .shown 
by the Research Station data. It is mdablt* ho\v(*ver that soluble ash. 
lime, magnesia, ]>ota.sh and nitrogen contents were often appreciably 
higher in the samples from the silt loam than in those from the medium 
.sand of the Res(*arch Station. On the other hand ])ho.sphoric acid was 
lower on the heavier soil. This was particularly marked in the 1946-47 
season (Table XVIII). The rijie leaves on the silt loam area were dis- 
tinguished b\^ their high soluble ash and lime contents, the.se being at 
maximum values in the bottom loaves, thc former rising to 24 . 51 per cent, 
and the latter constituent to 7.49 ]>er cent. CaO. In the previous season 
the figures were 15.02 per cent, and 4.76 per cent. res])ectivel3\ Potash 
was high in these leaves, being 5.76 per cent. KgO. Young laterals 
harvested on 27th March, 1947, .showed 4.97 per cent. KgO and 6.01 
per cent. N, on the dry basis ; even at the end of the season the much 
heavier growth on 1 6th April gave 5.55 per cent, and 5.11 per cent, re- 
spectively for these constituents. These figures were much higher than 
were obtained for laterals in the 1945-46 season. While ]>otash in the cor- 
responding material from the Research Station in 1946-47 approached 
these values the percentage tif nitrogen was much lower. Stalks of 
plants grown on the heavier soil were richer in nutrients in both seasons 
than were those on the medium sand, this difference being particularly 
marked in resjiect of the nitrogen contents. 
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'1 Am K >.VTI. Chemical Composition of Tobacco, Nutrient Intake Experiment, 
Light- PHASE Silt-loam Soil, 1945 46 Season 
Expressed as percentage on sand -free dry matter basis 


Date 

of 

San'plirg 

Part of Plant. 

1 

In- 

soluble 

Ash. 

Solu- 

ble 

Ash. 

Lime 

CaO 

Mag- 

nesia 

MgO. 

Phos- 

phoric 

.Acid 

P 2 O 6 . 

Potash 

KaC). 

Total 

Nitro- 

gen 

N. 

3/12/45 

Whole 

0.35 

9.99 

1.76 

0.39 

0.62 

4.06 

1.43 

16 1 46 

T-eaves 

0.39 

16.25 

3.36 

0.85 

0.61 

5.42 

3.91 


Stalks 

0,38 i 

15.60 

1.38 

0.54 

0.74 

7.11 

3.35 

30 '1/46 

J-,eaves 

0.14 

13.59 

3.30 

0.76 

0.42 

4.54 

3.20 

1 Stalks 

0.09 

13.16 

1.48 

0.50 

0.45 

6.06 

2.21 


. .. - - 


— - 

- — - 

— 

. — 

_ — . 

— 

1 1 '2/46 

Leaves 

Stalks and 

0.09 

13.52 

3.59 

0.87 

0.40 

3.61 

2,79 


flower heads 

0.29 

10. .54 

1.16 

0..39 

0.33 

4.46 

1.66 


' » — ^ — - 

— 

_ 

.. , — . 



- . — 

— . 

— . — 

25'? 46 

3 Rip^ leaves 

3 Near ripe 

0.43 

15.02 

4.76 

1 .06 

0.38 

3.07 

1 .93 


leaves 

0.16 

12.19 

3.44 

0.91 

0.38 

3.08 

2.58 


7 Green leaves 
loppings 

0.22 

9.83 

2.62 

0.78 

0.43 

2.55 

3.00 


(20/2/46) 

0.45 

11.77 

1.06 

0.63 

1 .22 

4.57 

4.45 


Laterals 

0.40 

11.84 

1.62 

0.74 

1.44 

4.66 

2.77 


Stalks 

0.22 

8.44 

1.09 

0.40 

0.41 

3.75 

1.31 

12/3 46 

3 Ripe leaves 

3 Near ripe 

0.01 

13.78 

4.01 

1.08 

0.52 

2.77 

3.18 


leaves 

0.06 

12.29 

3.87 

1.09 

0.54 

2.63 

3.61 


4 Green leaves 

! 0.03 

12.85 

3.49 

1.05 

0.51 

2.76 

4.39 


I^aterals 

1 0.79 

15.28 

2.53 

0.88 

1.27 

5.15 

5.04 


Stalks • 

0.10 

10.51 

1.43 

0.50 

0.38 

3.82 

1.61 

26 '3/46 

3 Ripe leaves 

4 Near riy>e 

0.18 

16.29 

5.17 

1.27 

0,.50 

3.20 

3.26 


leaves 

0.16 

15.66 

4.79 

1.30 

0.54 

3.06 

3.56 


Laterals 

0.32 

14.79 

2.43 

0.89 

0.99 

5.41 

4.36 


Stalks 

0.22 

8.88 

1.36 

0.46 

0.31 

3.64 

1.56 

9/4/46 

4 Leaves 

0.21 

16.10 



5.30 

1.33 ! 

0.56 

2.47 

3.12 

Laterals 

0.19 1 

12.58 

2.12 

0.72 

0.80 

3.96 

3.31 


Stalks 

0.14 

7.75 

1.19 

o .: i 6 

0.30 

3.23 ! 

1.28 
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Table XVIII. Chemical Composition of Tobacco, Nutrient Intake Experiment, 
Light- PHASE Silt- loam Soil, 1946-47 Season 
Expressed as percentage on sand -free dry matter basis 


Date 

of 

Sampling. 

Part of Plant. 

in- 

soluble 

Ash 

^ Solu- 
ble 
Ash. 

Lime 

Ca(L 

Mag- 

nesia 

MgO. 

Plios- 

plioric 

Acid 

1 

Potash 

KoO. 

i 

1 otaJ 
Nitro- 
gen 

X. 

3/12/46 

Whole 

0.90 

14.13 

2.75 

0.59 

0.75 

4.76 ' 

2.49 

29/1/47 

Leaves 

0.29 

18.70 

4.13 

0.98 

0.54 1 

6.25 

4.23 

Stalks 

0,14 

14.08 

1.50 

0.43 


6.45 

3.01 

11/2/47 

I. eaves 

0 30 

16.42 

3.95 

0.97 

0.41 I 

5.11 

3.58 

Stalks 

0.15 

14.07 

1.36 

0.51 

0.45 1 

i 

6.41 

2.92 

24/2/47 

Leaves 

0.18 

17.02 

4.09 

1 1.00 

0.45 1 

5.27 

3.61 

! Stalks 

0.25 

13.20 

1.31 

0.50 

0.38 1 

6.59 

2.90 

10/3/47 

3-4 Pipe leaves 

j 


1 






lugs 

3 Near ripe 

0.25 1 

24.51 

7.49 ; 

1.65 

1 

0.25 i 

5.76 

2.09 


leaves 

(I.2S 

17.09 

4.98 ! 

1.19 

0.30 1 

4.39 1 

2.77 


15 (iretm leaves 

0.11 

11.64 

2.80 1 

0.78 1 

0.40 1 

3.78 i 

3.47 


Stalks 

0.13 

9.57 

1.01 I 

0.39 ' 

0.32 1 

4.20 : 

1.98 


'1 oppings 

0.27 

9.78 

1.04 

i 

0.58 1 

i 

I.ll j 

4.26 1 

4.38 

27/3/47 

3 HijTe leaves 

3 Near ripe 

0.56 

17.10 

5.38 ! 

1 

1 

0.28 j 

1 

3.85 

2 . 23 


leaves 

0.43 

13.15 

3.67 

1 0.99 1 

0.31 1 

3.47 

2.58 


12 (ireen leaves 

0.31 

10.62 

2.69 1 

O.tCi 1 

0.38 ! 

! 3.11 

3.24 


Laterals 

i 0.11 

13.10 

1.44 

0.75 1 

1.67 ! 

1 4.97 

6.01 


Stalks 

1 0.05 

8.55 

1.08 

0.43 j 

0.27 

1 3.46 

1 .61 

2/4/47 

3 Ripe leaves 

0.50 

15.54 

4.59 

1.19 1 

1 0.43 

' 3.55 

i 2.7S 

3 Near ripe 





1 




leaves 

0,53 

13.75 

3.80 

1.02 I 

; 0.47 

: 3.64 

3 13 


9 (ireen leaves 

0.57 

12.72 

3.37 

0.98 1 

0.58 

' 3.20 

, 3.70 


Stalks 

0.06 

9.66 

1.51 

0.45 

0.29 

3.59 

1 3.63 

9/4/47 

3 Ripe leaves 

2 Near ripe 

0.84 

14.88 

4.71 

1.21 

0.51 

; 3.13 

1 

[3.0^ ■ 

1 


leaves 

0.46 

13.19 

3.85 

1.05 

0.54 

1 3.03 

: 2. IS 


6 (ireen leaves 

0.37 

12,10 

3.. 34 

0.97 

0.59 

1 2.75 

1 3.69 


Laterals 

0.31 

13.17 

1.45 

0.75 

1.24 

1 5.27 

; 4.77 


Stalks 

0.03 

8.93 

1.23 

0.44 1 

0.42 

1 3.36 

j 1.79 

16/4/47 

3 Ripe leaves 

3 Near rii^e 

0.79 

12.72 

3.92 

1.14 

0.58 

! 2.78 

1 4.63 


leaves 

0.46 

13.67 

3.82 

1.19 

0.60 

2.78 

1 3.70 


3 (ireen leaves 

0.74 

13.68 

4.16 

1.28 

0.67 

2.94 

I 4.18 


Laterals 

0.40 

13.17 

1.60 

0.75 

1.26 

5 . 55 

5.11 


Stalks 

0,00 

8.61 

1.33 

0.50 

0.36 

3.19 

1.69 



154 


The N.Z. Journal of Science and Technologv (Oct. 

l ABLK XIX. Intakes of Nutkients on Uer Plant Hasis, 1945 4(S Season, 
Tobacco Keskarch Station (Misoium Sanm) Son ) 
lCx])resscd in grains on sand-free dr\ niattt»r basis ^ 




In- 

soluble 

Ash 

Solu- 

ble 

Ash. 


Mag 

iiesia 

MgO 

1 Mio.s- 


ro^al 

Dale 

of 

Sampling. 

Part <>f Plant. 

l.iine 

(*aO 

phoric 

Acid 

* VV> 

Potash 

KgO 

Nitro- 

gen 

N 

3/12 45 

Whole 

0 .003 

0.10 

0.02 

0.004 

0.000 

- 

0.04 

0,014 

16'l/4« 

Leave.s 

0.37 

4.78 

0.99 

0.24 

0.21 

1.48 

0.94 

Stalks 

0.02 

0.07 

0.07 

0.02 

0.03 

0.31 

0,11 


Whole 

0.39 

5.45 

I .00 

0.20 

0.24 

1 .79 

1 .05 

23'r4f> 

Leaves 

0.09 

8.40 

1.95 

0.44 

0.37 

2.48 

1 70 


Stalks 

0.01 

1.04 

(M9 

0.00 

O.OH 

0.74 

<».24 


Whole 

0.10 

10.04 

2.14 

0..50 

0.45 

3.22 

2.00 

30/1 40 

Leaves 

0.27 

10.29 

2.48 

0.54 

0.44 

3.20 

2.t)9 

Stalks 

0.10 

2.01 

0.29 

0.09 

0.11 

1 .22 

0.37 


Whole 

0.43 

12.90 

2.77 

0.03 

0.55 

4.48 

2.40 

0/2 '40 

Leaves 

0.53 

10.78 

2.04 

0.54 

0.45 

3.40 

2 II 


Stalks , 

O.f'5 

4.79 

0.47 

0- 10 

0.23 

2.07 

0.03 


Whole 

0.S8 

15 57 

3.11 

0.70 

0.08 

5 . 53 

2.74 

1 1/2 '40 

3 Pipe leaves 

3 Near ripe 

0.04 

3.05 

(•.1)7 

0.18 

(L07 

0.05 

t).27 


leaves 

0.05 

3.18 

0.81 

1 .07 

1 .04 

0.91 

0..52 


Oreen leaves 
Stalks and 

0.09 

5.97 

1.17 

0.31 

0.29 

2.17 

I .54 


flOAver heads 

O.ll 

0.00 

0.75 

0.25 

0.31 

2.98 

1 .00 


Whole 

0.29 

18.80 

3.70 

2 41 

1 .71 

0 71 

3 33 

18 2 40 

3 Pipe leaves 

0.08 

3.53 

1.11 

0.23 

0 10 

(» 78 

0.42 


3 Near ripe 
leaves 

0.14 

3.47 

0.08 

0.19 

0.14 

0.99 

0.05 


10 (xreen leaves* 
'loppings 

0.10 

5.17 

1.58 ! 

0 .33 

0.20 

1 .70 

1 .38 

0.43 


(13/2/40) 

0.00 

1.15 

0.11 

0.07 

(L 10 

0.47 i 


Stalks 

0.09 

5.51 

0.00 i 

0.24 1 

0.20 

; ^-47 ; 

0.91 


Whole 

0.47 

18.83 

4.14 1 

1 1.00 1 

: 

0.80 

0.41 ! 

3.79 

25/2^40 

3 Pipe leaves 

3 Near ripe 

0.00 

4.50 

1.00 

1 

0.27 j 

1 

0.19 

i 1.18 1 

! 

' 1 

74 

1 


leaves 

0.11 

3.95 

1.10 

0.20 

0. 17 

1.22 ; 

; 0.75 


7 Oreen leaves 

0.01 

3.34 

0.83 

I 0.22 

0.19 

1 .03 ' 

* 0 tKl 


laterals 

0.04 

0.79 

0.09 

0.04 j 

0.09 

0.35 i 

0.29 


Stalks 

0.07 

7.78 

0.91 

0.30 

0.39 

3.46 1 

1.29 


Whole 

0.29 

20.42 

4.53 1 

1.15 

1 1.03 

7.24 i 

! 3.97 

5/3/40 

2 Ripe leaves 

3 Near npe 

0.12 

2.40 

0.07 1 

0.15 

0 10 

0.00 

1 

0.39 


leaves 

0.10 

2.58 

0.09 

0.18 

0.14 

0.79 

0.55 


2 Green leaves 

0.14 

3.22 

0.84 

0.23 

0.10 

0.91 

0.70 


Laterals 

O.JO 

1.47 

0.17 

0.10 

0.13 

0.07 

I 0.43 


Stalks 

0.15 

5.68 

0.80 

0.20 

0.20 

2.54 

1 0,82 


Whole 

0.61 

15.41 

3.17 

0.92 

0.79 

5.51 

1 2.95 

12/3/40 

3 Pipe leaves 

3 Near ripe 

0.13 

3.01 

0.85 

0.20 

0.15 

0 77 

0.53 


leaves 

0.04 

2.32 

0.05 

0.17 

0.12 

0.59 

0.49 


2 (»reen leaves 

0.02 

1 .23 

0.34 

0.09 

0.00 

0.30 

0.28 


Laterals 

0.00 

2.80 

0.35 

0.15 

0.22 

1.10 

0.72 


Stalks 

0.16 

7.41 

1 .03 

0.32 

0.33 

3,10 

0.80 


Whole 

0.35 

10.77 

3.22 

0.93 

0.88 

5.92 

2.88 

26/3/40 

5 Ripe leaves 

0.05 

3.73 

1.13 

0.28 

0.21 

0.8:1 

* 0.67 


Laterals 

0.04 

8.04 

1 .20 

0.45 

0.53 

i 3.30 

1.77 


Stalks 

0.01 

8.21 

1.11 

0.25 

! 0.39 

3.49 

1 .05 


Whole 

0.10 

19.98 

3.50 

0.98 

1 1.13 

1 7.02 

3.49 



1948) Askkw, Buck, Ccrrik and Watson- Fcrthkr 15S 

IXVl'STKiATIONS ON THE NuTKIENT STATUS OE 

F^lue-ci^red Toracco 

'I'ahli* XX In'iakk of Notrifnts on J’i-.k I*i,ant IU^is, 194S-47 Sfason, 


I oiiAcco Kkskarch Station (Mkoitm Sand SoiiJ 
111 grains on sand-free drv matter Rasis 




I 

- y 

— 

— 

-- 

■■ , 


Date 

of 

Sampling 

Pari of Plant 

j 

1 

i In- 1 

1 soluble * 

1 Ash 1 

St)lu- 1 
ble I 
Ash. 1 

Lime 

CaO 

j 

Mag. i 
nesia , 

Mro 1 

Phos i 
phone 
\ci(l ! 

i 

T’otash 1 
KgO 1 

1 otal 
Nitro- 

g(Ml 

N 

a. 12/46 

■ Wholr 

' 0.0(15! 

1 1 

0.08 1 

j 

0.02 

“ ! 

0.003 

0.004 

0.03 

0.01 

ISM/47 

1 1 .ravc-s 

1 

0.08 ' 

3.56 ‘ 

0.73 

0.15 

0.14 

1.17 

0.49 


• Stalks 

0.01 

0.34 . 

0.03 

0.01 

0.02 ' 

(t.l6 

0 05 


Wliolr 

0.09 ' 

3.90 ; 

0.76 

0.16 

0.16 

1 33 

0.54 

29 '^47 

1.1‘avfs 

0.14 ! 

9.57 

2.18 

0.52 

0.41 ' 

3.01 

1 93 


! Stalks 

0.02 ‘ 

1.98 

0.19 

: 0.07 

0.11 

(t.95 

0.39 


1 Wholi- 

, 0 16 : 

11.55 

2.37 

0.59 

0.52 

3.96 

2 32 

6^2 '47 

, Lca\rs 

! 0.32 ' 

13.37 

3.42 

! 0.('»3 

(‘.53 

3.91 

2.51 


Stalks 

0.03 1 

3.82 

0.39 

' 0.13 

It 21 

1.77 1 

0.65 


. WImlf 

. 0.35 ! 

17.19 

3.81 

0.76 

0.74 

5.(L8 : 

3 16 

112 47 

M k'.pr U*a\cs 

3 Neat iTpr 

' 0 07 

3.44 

1.12 

0.22 ! 

0.07 

0.60 

1 .07 

0.3(t 


Iravi's 

0.04 ; 

3.62 

1 .03 

0 20 1 

0.12 

0.58 


M (irt'on !<.*.» M '. 

0.12 

6 55 

I 43 

, 0.35 ! 

0.37 

2.93 

1 .81 


1 opinngs 

0.03 • 

0 70 

0.('6 

; 0.04 , 

0.09 

0.30 

0.30 


Stalks 

, 0 09 

4.82 

0.51 

1 0.16 

0.25 

2.24 

0.80 


W liolr 

0 35 ! 

19,13 

4.15 

1 0.97 ' 

0 90 

7.14 

3.79 

24 2 47 

3 Kipi* liMvt’s 

3 Ni'io npt* 

0.12 

3.74 

1 .08 

! 0 22 

0.13 

0 95 

0.45 


ItM vcs 

0.15 

3.98 

1 .00 

' 0.22 

0.17 

1 .30 

0.67 


S (lUHMl Umm's 

0 13 

4,35 

0.90 

0.25 

0.26 

1 .(s3 

1.14 


Stalks 

0 08 , 

5.94 

0.76 

0.25 ' 

0.29 

2.55 

0.90 


W liol«‘ 

0.48 

18.01 

3.74 

0.94 ' 

0.85 

6.43 

3.16 

1(1 a 47 

3 Pnu* least's 

3 Nt‘ar nja* 

0.18 

3.53 

(L97 

0.21 

(M8 

, l.Ht 

0.97 

0.44 


It -a vcs 

0.08 

2.91 

■ 0.68 

0.16 

0.16 

0.48 


S ( liven leaves 

0.11 

2.87 

0.65 

0.19 

0.16 

(t.97 ' 

0.61 


Stalks 

0.08 

7.33 

1 .U(t 

0.33 

0.43 

3 26 

1.11 


W hole 

0.45 ' 

16.64 

3.:io 

0.89 

0.93 

6 31 1 

2.(i4 

19:1 47 

3 Pipe leave'' 

3 Near ripe 

0,09 ! 

2.91 

0.74 

0.19 

0.17 

0.11 

0 88 , 

0.59 , 

0.51 

0.42 


l(*a\es 

0.05 

1.93 

' 0.47 

0.14 , 


, 2 tireen leases 

‘ 0.02 : 

: 0.82 

i 0.21 

' 0.06 i 

0.05 

0,24 

0.22 


! Laterals 

0.04 1 

1 0,41 

0.05 

- 0.03 

0.04 

' 0.16 : 

0.13 


Stalks 

0,02 ! 

! 7.63 

l.IO 

' 0.39 

0.42 

, 3.33 . 

1.15 


Whole 

0.22 1 

J 

j 13.70 

' 2.57 

0.81 , 

0.79 

, 5.2('. 1 

2.43 

27 3 47 

; 3 Ripe leaves 
! 2 Neai npe 

i 0.02 

1 2.60 

0.72 

! 0.20 

0.16 

i 0.63 , 

' 0 34 

0.53 


1 lt*aves 

1 0.01 

1,43 

0.41 

1 (Ml 

0.09 

0.33 


; Lateials 

: 0.06 

1.60 

0.17 

I 0.10 

1 0.12 

j 0.56 

1 0.40 


1 Stalks 

i 0.04 : 

7,83 

1.13 

1 0.37 

0.39 

; 3.07 

! 1.18 


1 Whole 

i 0.13 

13,46 

2.43 

1 0.78 

1 0.76 

1 4.6(^ 

i 2.44 

Intake of Xutrients : 









Calculations on a similar basis to those reported above for the 1944-45 
experiments have been made using the data of the 1945-46 and 1946-47 
experiments. For the medium sand area the results are given in Table 
XIX for the 194546 season, and in Table XX for the 194647 season. 
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In keeping with the slightly better growth in the 1945-46 season the 
intake of nutrients was greater in the very early part of the season than 
in the 1946-47 season, but at the time of the first harvest more soluble 
ash, lime, potash and nitrogen had been absorbed in the latter season. 
Absorption of phosphoric acid and magnesia was appreciably greater at 
this stage in 194546. At later periods plants of the 194546 season 
contained a greater weight of nutrients at a given period than those of the 
next season. Nutrient residues in the plants when harvesting was 
completed were appreciably greater, especially for pota.sh and nitrogen, 
in 1945-46; these latter constituents provided an excess of 2.8 g. of 
KgO and 0.9 g. of N per plant in favour of the 1945-46 crop. 


Table XXl. Intake of Nutrients on Per Plant Basis, 1945-46 Season, 
Light- PHASE Silt-loam Soil 
Expressed in grams on sand-free dry matter basis 


Date 

of 

Sampling. 

Part of Plant. 

In- 

soluble 

Ash. 

1 

Solu- 

ble 

Ash. 

Lime 

CaO. 

Mag- 

nesia 

MgO. 

Phos- 

phoric 

Acid 

p*o,. 

Potash 

KjjO. 

Total 

Nitro- 

gen 

N. 

3/12/45 

Whole 

0.003 

0.10 

0.02 

0.004 

0.006 

0.04 

0.014 

16/1/46 

Leaves 

0.07 

2.79 

0.58 

0.15 

0.10 

0.93 

0.67 

Stalks 

0.006 

0.24 

0.02 

0.01 

0.01 

0.11 

0.05 


Whole 

0.076 

.1 

3.03 

0.60 

0.16 

0.11 

1.04 

0.72 

30/1 .'46 

Leaves 

0.08 

7.31 

1.78 

0.41 

0.23 

2.44 

1.72 

Stalks 

0.01 1 

1.33 

0.15 

0.05 

0.05 

0.61 

0.22 


Whole 

0.09 j 

8.64 

J .93 

0.46 

0.28 

3.05 

1.94 

11/2/46 

I.eaves 1 

Stalks and 

0.08 

11.79 

3.13 

0.76 

0.35 

3.15 

2.43 


flower heads 

0.12 

4.42 

0.49 

0.16 

0.14 

1.87 

0.70 


Whole 

• 0.20 

16.21 

3.62 

1 

0.92 

1 0.49 

5.02 

3.13 

25/2/46 

3 Ripe leaves 

3 Near ripe i 

0.11 

3.90 

1.24 

1 

0.28 

0.10 

1 

0.80 

0.50 


leaves 

0.04 

3.02 

0.85 

I 0.23 

i 0.10 

0.76 

0.64 


7 Green leaves 
loppings 

0.10 

4.60 

1.23 

0.37 

0.20 

1.19 

1.40 


(20/2/46) 

0.02 

0.58 

0.05 

0.03 

0.06 

0.23 

0.22 


laterals 

0.01 : 

0.24 

0.03 

0.01 

0.03 i 

1 0.09 

0.06 


Stalks 1 

0.13 1 

4.80 

0.62 

0.23 

0.23 

2.13 

0.75 


Whole 

0.41 

17.14 

4.02 

1.15 

0.72 I 

5.20 

3.57 

12/3/46 

3 Ripe leaves 

3 Near ripe 

0.00 

3.57 

1.04 

0.28 

0.13 

0.72 

0.82 


leaves 

0.01 

2.52 

0.79 

0.22 

0.11 

0.54 

0.74 


4 Green leaves 

0.005 

2.08 

0.57 

0.17 

i 0.08 

0.44 

0.71 


Laterals 

0.01 

0.15 

0.03 

0.01 

0.01 

0.05 

0.05 


Stalks 

0.06 

6.57 

0.89 

0.31 

0.24 

2.39 

1.01 


Whole 

0.085 

14.89 

3.32 

1 

0.99 

0.57 

4.14 

3.33 

26/3/46 

3 Ripe leaves 

4 Near ripe 



1.33 

! 

0.33 

0.13 

0.82 

0.^ 


leaves 


3.15 

0.96 

0.26 

0.11 

0.61 

0.72 


Laterals 


4.96 

0.82 


0.33 

1.82 

1.46 


Stalks 


5.43 

0.83 


0.19 

2.22 

0.95 


Whole 


17.74 

3.94 

1.17 

0.76 

5.47 

3.97 

9/4/46 

4 Leaves 

0.05 1 

4.13 

1.36 

0.34 

0.14 

0.63 

0.80 

laterals 


11.17 

1.88 

0.64 

0.71 

3.52 

2.94 


Stalks 


6.43 

0.99 


0.25 

2.68 

1.06 


Whole 1 


21.73 

4.23 

1.28 

1.10 

6.83 
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Investigations on the Nutrient Status oe 
Flue-cured Tobacco 


'J'able XXH. Intake of Nutrients on Per Plant Basis, 1946-47 Season, 
Light- PHASE Silt-loam Soil 
Expressed in grams on sand-free dry matter basis 


Date 


In- 

j 

Solu- 1 

of 

Part of Plant. 

soluble 

blc 

Sampling. 


Ash. 

Ash , 

3/12/46 

Whole 



0 .005 

0.08 j 

29/1/47 

Leaves 

0.04 

3 00 ; 

Stalks 

0.003 

0.27 


Whole 

0.043 

3.27 1 

11/2/47 

Leaves 

0.14 

j 

7.68 

Stalk.s 

0.01 

1.26 ; 


Whole 

0.15 

8.94 1 

1 

24/2/47 

_ _ __ 

Leaves 

0.14 

13.14 ! 


Stalks 

0.05 

2.75 


Whole 

0.19 

15.89 

10/3/47 

3-4 Kipe leaves 

■ ! 

j 

i 


lugs 

3 Near npc 

0.04 

3.84 i 


leaves 

0.05 

3.80 


15 (Ireen leaves 

0.09 

9.18 ; 


Stalks 

0.07 

5.38 


1 op])ings 

0 .03 

1.00 ; 


Whole 

0.28 

23.20 j 

27/3/47 

3 Kipe leaves 

0.13 

3.97 I 


3 Near ripe 


' 


leaves 1 

0.11 • 

3.21 


12 (ireen leaves > 

0.20 I 

6.78 1 


Laterals 

0.(M)3{ 

0.30 

1 

Stalks 

0.03 ! 

1 5.70 1 


Whole 

0.47 

1 19.96 t 

1 - . ‘ 

2/4/47 

3 Pipe leaves 

3 Near Ti\^e 

' 0.13 

3.97 1 


leaves 

0.11 

I 2.84 , 


9 (ireen leaves 

0.22 1 

1 4.84 


Stalk.s 

0,05 ! 

1 7.68 1 


Whole 

0.51 

19.33 ; 

9/4/47 

3 Kipe leaves 

3 Near rii>e 

0.24 

1 

r ■ ~ 1 

i 4.27 

1 


leaves 

0.12 

3.32 

1 

6 (ireen leaves 

0.12 

3.81 

1 

Laterals 

0.01 

0.30 


Stalks 

0.03 

7.59 


Whole 

0.52 

19.29 

16/4/47 

3 Ripe leaves 

3 Near ripe 

0.19 

3.10 


leaves 

0.09 

2.62 


3 Green leaves 

0.09 

1.60 


Laterals 

0.02 

0.63 


Stalks 

0.00 

9.22 


Whole 

0.39 

17.17 



Mur- 1 
iicsia 1 
MgO, 1 

Phos- 


lotal 

Lime ! 
('a( ) j 

|)honc 

Acid 

Potasli 

KgO 

j Nitro- 
gen 

N 

0 02 j 

0 .003 ! 

1 

0.004 

0 03 

0.014 

0.66 i 

0.16 

0.09 : 

1 .00 

0.68 

0.03 

O.fH ! 


0.12 ! 

1 0.06 

0.69 ‘ 

0.17 ' 

0.09 ; 

1 12 1 

1 0.74 

1.85 

0.46 

0.19 

2.39 

1 1 .68 

0.12 

0.05 

0.04 1 

0 57 

1 0.26 

1.97 . 

0 51 

0.23 1 

2.96 

I 1.94 

3.16 

0.78 ' 

0.35 

4.07 

' 2.79 

0.27 

O.lll 1 

0.08 . 

1.37 

j 0.60 

3.43 

0.«8 1 

0.43 : 

5.44 

1 3.39 

1.17 ' 

0.26 i 

0.04 

1 

i),m i 

0.33 

1.11 

0.26 ' 

0 07 1 

r) 96 

* 0.62 

2.21 

0.62 

0.32 i 

2.98 

2.74 

0.57 > 

0.21 1 

0 18 ; 

2.36 

1.11 

0.11 

0.06 ; 

0.11 , 

0.44 

0.45 

5.17 

1.41 ; 

0.72 ' 

7.66 

1 

1.25 1 

0.31 ; 

0.07 j 

0.89 

0.52 

0.90 

0.24 

0.08 

0.85 

1 0.63 

1.71 i 

0.52 

0.24 

1.98 

i 2.07 

0.03 1 

0.02 i 

0.04 

0.12 

j 0.14 

0.72 

0.29 ! 

O.IS 

2.31 

1 1.07 

4.61 . 

1.38 ■ 

1 

0.61 : 

6.i5 

I 4.43 

1 

1.17 

0.30 : 

0.11 j 

0.91 

0.71 

j 

0.78 

0.21 

0.10 1 

0.75 

1 0.65 

1.28 ! 

0..37 

0.22 

1 .22 

1.41 

1.20 1 

1 0.36 

0.23 ' 

2!85 

i 2.89 

4.43 

1.24 i 

0.66 1 

5.73 

; 5.66 

1.35 

0.35 

0.15 1 

0.90 

i O.SS 

0.97 i 

0.26 1 

1 

0.14 ! 

0.76 

1 0.55 

1.05 1 

0.31 1 

0.19 

0.87 

1 1.16 

0.03 I 

0.02 

0 .03 

0.12 

1 0.11 

1.05 i 

i 0.37 i 

0.36 

2.86 

1.52 

4.45 

1.31 

0.87 j 

5.51 

I 4 oo 

0.96 

0.28 

0.14 i 

0.68 

1 

0.73 

0.23 

0.11 i 

0.53 

; 0.71 

0.49 

0.15 

0.08 1 

0.34 

1 0.49 

0.08 

0.04 

0.06 I 

: 0.27 

I 0.24 

1.43 

0 . 54 

0.39 1 

1 3.41 

1 1.81 

3.69 

1.24 

0.78 

5.23 

1 4.38 


i 
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Data on a precisely similar basis to that given above for the plants 
grown at the Research Station have been obtained for the crops on the 
silt loam area ; these are set out in Tables XXI and XXII. By the time 
of the first harvest on 25th February, 1946, minerals corresp<jnding to 
17.14 g. per plant had been absorbed; of these lime constituted 4.02 g., 
magnesia 1.15 g., phosphoric acid 0.72 g., potash 5.20 g., KgO and 
nitrogen 3.57 g. In the following season, by 24th h'ebruary somewhat 
less of all constituents except potash had been taken up by the ])lant. 
At the time of the first harvest on 10th March, 1947, larger quantities 
of all nutrients except phosphoric acid had been absorbed than at the 
time of the first harvest in 1946. It is interesting to note that the 
nutrients removed in each harvest of ripe leaves t(*nds to be constant, 
except for nitrogen, in any one sea.son. The Research Station data 
however do not fall into line with this statement. 

The nutrient data of Tables XIX to XXII have been also calculated 
to a pounds f)f nutrient per acre basis using the factor 13.227 for con- 
verting grams per plant to pounds per acre, assuming that the rate of 
planting is 6,000 plants per acre. Data are set out for the whole plant 
only in order to' save space. In Table XXIII the results of these cal- 
culations are given for the two crops grown on the medium sand. 


Table XXIIT. Nutrient Status, Expressed in Founds Fkr Aukk, of Plants 
Grown on Medium Sand, 194S-46 and 1946-47 



i 

1 

1 

1 1 


PhoS' 

1 



Date 

Soluble I 

1 Ijme 

Magnesia 

])horic 

I’olasli 

Nitrogen 

Season . 

of 

Ash 

Cat) 

MgO 


K.,() 

X 


Sampling 

lb. 

1 

lb. 

lb. 

i 

ll> 

lb. 

lb 

1945-46 

3/12, '45* 

1 1.3 

0.2 

0.05 

0.08 i 

0.5 

0.2 


16/1/46 

1 72.1 

14.0 

3.4 

3.2 i 

23.7 

13.9 


23/1/46 

132.8 

28.3 

6.6 

6.0 

42.6 

26.5 


30/1/46 

170.6 j 

36.6 

8.3 

1 

7.3 

59.3 

32.5 


6/2/46 

206.0 

41.1 

9.3 

9.0 

73.2 

36.2 


11/2/46 

249.5 

48.9 

12.0 

10.3 

1 

88.8 

44.1 


18^2/46 

249.1 

54.7 

14.0 

11.4 

84.8 

50.1 


2S/2/46 

270.1 

59.9 

15.2 

13.6 

95.8 

52.5 


5/3/46 

203.8 

41.9 

12.2 

10.5 

72.9 

39.0 


12/3/46 

221.8 

42.6 

12.3 

11.6 

78.3 

38.1 


26/3/46 

264.3 

46.3 

13.0 

15.0 

UK1.8 

46.2 

1946-47 

3/12/46* 

1.1 

0.2 

0.05 

0.06 

0.35 

0.18 


15/1/47 

51.6 

10.1 

2.1 

2.1 

17.6 

7.1 


29/1 /47 

152,8 

31.3 

7.8 

6.8 

1 52.4 

30.7 


6/2/47 

227.4 

50.4 

10.0 

9.9 

1 75.1 

41.9 


11/2/47 

253.0 

54.9 

12.8 

11.9 

94.4 

50.1 


24/2/47 

238.2 1 

49.5 

12.4 

11.2 

! 85.1 

41.8 


10/3/47 

220.1 

43.7 

11.8 

12.3 

83.3 

34.9 


19/3/47 

181.2 

34.0 

10.7 

10.5 

68.8 

32.1 


27/3/47 

1 

178.0 

32,1 

10.3 

10.1 

60.8 

32.3 


Date of planting in the field. 
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Thest* data show that when the plants contained the maximum 
amount of nutrients, on 25th h'ebruary, 1946, and 11th h'ebruary, 1947, 
these corresponded in both seasons to approximately 55 lb. of super- 
phosphate, 200 lb. of sulphate of potash and 250 lb. of sul])hate of am- 
monia per acre. The total quantity of nutrients absorbed throughout 
the season can be obtained by combining the data for individual separates 
at each harve.st. Hiis is considered later in conjunction with the changes 
occurring in nutrient status during the harvesting period. 

In Table XXIV are given data for the nutrient .status of the plants 
on the heavier soil for the seasons 1945-46 and 1946-47, expressed in 
pounds f>er acr(\ 

Table \XI\' Ntirient Status, Expressed in Pounds Per .\cre, of Pi.ants 
(iuoWN ON Silt Loam, 1945-46 and 1946-47 







' 

Phos- 




D.ite 

Soluble 


Lime 

.Magnesia 

]>iU)l 1C 

Potasli 

Nitrogen 

Season 

ol 

Ash 


CaO 

MgO 

\vu\ 

KoO 

N 


Sain])li!i^ 

lb 


lb 


* V 

lb 

ib 







lb 



1945-46 

a \2 45* 

I a 


0.2 

0.05 

0.08 

0.5 

0 2 


16 1 46 

40.1 


7.9 

2.1 

1 .5 

la.s 

9 5 


M) 1 46 

114. a 


25.5 

<L 1 

a. 7 

, 40. a 

25.7 


1 1 2 46 

214.4 


47.9 

12.2 

6.5 

66 . 4 

41 .4 


25 2 46 

226.7 


5a. 2 

15.2 

9.5 

68,8 

47 2 


12 a 46 

196.9 


4a. 9 

la.i 

7.5 

54 S 

^4.1 


26 a 46 

2a4.7 


52.1 

15 5 

10.0 

• 72.4 

52 . 5 


9 4 46 

287.4 


56.0 

16 9 i 

14.6 

90. a 

' 6a . .5 

1946-47 

a 12 46 * 

1.1 

i 

0,2 

0.05 ‘ 

0.05 

o.as 

0 2 


29 I 47 

4a. 2 i 


9.1 

2.2 ' 

1 .2t 

14.8 

9 8 


1 1 2 47 

118. a 1 

j 

26.1 

, ! 

a.i 

a9 . 2 

25 7 


24 2 47 

210.2 , 


45,4 

1 11.6 

5.7 

72 0 

44 S 


U) a. 47 i 

a06,9 


68.4 

; 18.7 i 

9.5 

! 101 a 

69.4 


27, a, 47 

264.0 


61 .0 

1 18. a i 

8.1 

1 81. a 

.58.6 


2 4 47 

255.7 


58.6 

! 16.4 

8.7 

75.8 

74 9 


9 4 47 

-! 

255.2 ! 


58.9 

' 17. a 

11.5 

. 72.9 

55 S 


16/4 47 j 

227.1 


48,8 

1 16.4 

10 . a 

69.2 

57.9 

* Dale of planting’ in the field. 


t Leaves only. 




The data of Fable XXIV show the greater amount of nutrients in the 
plants in the second season as compared with the first at the time of the 
harvest, the increases per acre being 15.2 lb. of ('aO. 8.5 lb. of MgO, 82 . 5 
lb. of KgC) and 22.2 lb. of N ; the same quantity of phosphoric acid was 
present in both seasons. At all later harvests of the second sejison, except 
that on 16th April, there were greater quantities of nutrients in the 
plants than in the first season. The data for the final harvests show that 
appreciable quantities of nutrients were available for fertilizing the soil 
if the plants were disced in or ploughed down after harvesting was com- 
pleted. 
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Disctission : 

Under Nelson conditions the first harvests are taken from the tobacco 
plants while they are still growing rapidly. In the present experiments 
topping has usually been carried out either on the day of the first harvests 
or at a date very close thereto. The remaining leaves then develop 
rapidly as also do the stalks. The magnitude of these changes in respect 
of development of dry matter and of further intake of plant nutrients 
in the seasons 1945-46 and 1946-47 will now be considered. From the 
detailed data of tables XI to XIV the increases in dry matter of the whole 
plant, of all leaves and ripe leaves only, between the periods set out, can 
be calculated. Data for both soil types and for both experimental 
seasons are given in Table XXV. Precipitation has also been included. 


Table XXV. 


Showing Dry Matter Increments in Pounds Per Acre 
Detween the Stated Periods 





i 

Increment 

Increment 

Increment 




of dry 

of dry 

of dry 

Soil tvpe. 

1 I’criod 


matter for j 

matter for 

matter for 


' 

in. 

whole idant 

all leaves 

ripe leaves 


1 


lb. 

lb 

lb. 

Medium 

11/2/46-18/2/46 

0.49 

375.9 

261.2 

-55.6 

Sand 

18/2/46-25 2/46 

0.00 

743.2 

409.7 

139.7 


25/2/46- 5 3/46 

1.25 

45.1 

152.6 

-59.2 


5.3/46-12 '3/46 

1.06 

380.0 

80.7 

44.2 


12 3 46-26/3/46 

0,91 

1064 2 

67.1 

67.1 


lotals 

3.71 

2608.4 

971.3 

- * 

Silt 

25/2/46- 12/3/46 

2.31 

-57.0 

-117 5 

15.1 

J .oam 

12/3/46-26/3/46 

0,91 

532.1 

120.1 

69.3 


26/3/46- 9/4/46 

8.09 

1094.3 

74.0 

74.0 


Total;^ 

11.31 

1559.4 

76.6 


Medium 

11/2/47-24/2/47 

1.90 

664.5 

470.0 

46.8 

Sand 

24/2/47-10/3/47 

0.00 

563.5 ! 

220.6 

-50.4 


10/3/47-19/3/47 

0.00 

6.3 

-85.6 

-36.8 


19/3/47-27/3/47 

2.19 

201.1 

107.0 

48.3 


Totals 

4.09 

1435.4 

712.0 


Silt 

10/3/47-27/3/47 

2.19 

:I05.5 

136.8 

13.3 

i.oam 

27/3/47- 2/4/47 

0,00 

187.0 

-52.8 

15.0 


2/4/47- 9/4/47 

1.00 

456.2 

353.9 

107.0 


9/4/47-16/4/47 

4.53 1 

:H)5.4 

-18.6 

-10.2 

1 

i 

'Totals 

7.72 

1254.1 

419.3 



Note ' rhe medium sand was irrigated on 15th anil IlOth January, 1946, and 
on 29tli Januar>% 1947, water equivalent to approximately one inch 
of rainfall being applied on each occasion The silt loam was not 
irrigated in either season. 


The data of Table XXV have been given in pounds of dry matter per 
acre rather than as grams per plant. It is clear that very large incre- 
ments of dry^ matter occurred at certain periods in both seasons, especially 
just after harvesting began, because the plants were still in an actively 
growing condition, and at the end of the season when rains after periods 
of dry weather caused the development of large amounts of lateral 
growth, particularly in 1946. Growth can be correlated to some extent 
with the rainfall ; a dry period causes a depression in growth, especially 
it would appear, in the ripening leaf as distinct from young leaves and 
the stalks. However, the effect is delayed and reduction in growth was 
seen only after a week or two of dry weather. ResjKmse to rainfall 
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a])peared to be more rapid. Increase in weif^ht of “ nearly ripe '* leaves 
to the “ ripe ” condition ajipeared to be irregular, es])ecially at the 
Research Station, where the effects of dry weather on the plants were likely 
to be more severe than on the heavier soil. I'his resulted also in much 
more rapid ripening of the leaf at the Station and thus the harvesting was 
completed before the end of March, whereas on the heavier soil harves- 
ting continued until about the middle of Ajiril. It is interesting to 
compare the total dry matter production and the weight of harvested 
leaf for the crops discussed in Table XXV. The requisite data are set 
out below, exyiressed in pounds of dry matter piT acre. 



\ 

Dry Matter j 
when 1 

Dry Mattel | 
Increment ' 

'I'otaJ Drv 
Matter for 
Season 
lb 

Ripe leaves 

Soil 'I'ype. 

Season | 

! 

! 

liarvestiiiR j 
I>e)^an | 

- i 

dunne: 
harvesting? i 
lb 

harvested 

lb 

Medium sand 

! 

1 

! 

‘i4sa.2 ! 

2078.2 j 

2608.4 ; 

1435.4 1 

50H1.6 
SSia.fi ' 

23fi9.S 

1875.1 

Slit loam 

194S4H ' 

194«-47 

2ias.i 1 
2424.0 

1558.4 1 

1254.1 ! 

i 

.Hfi94.5 , 

Sfi78.l 

I 

ISfifi.S 
1555 0 


Owing to the damj) (onditions on the silt loam soil the ])lants did 
not grow as well as they would on a better situated field of this type. 
The data therefore do not show what this soil is really capable of pro- 
ducing. On the present figures the yield was much below that of the 
medium sand ; on the latter an average of 50 ])er cent, of the dry matter 
production was taken in ri])e leaves, but on tlie heavier soil only 40 per 
cent, of the dry matter was harvested. The yields obtaiiu'd on the 
heavier soil in the 1944-45 season were probably more truly characteristic 
of the producing caj)acitv of this soil type. 

In a similar procedure to that used with the data for production of 
dry matter the figures for intake of nutrients can be a.ssembled to show 
the variations during the i>criods intervening between successive harvests. 
They may be set out to show the intake by the whole plants or to show 
the changes in the nutrient status of leaves in passing from the “ nearly 
ripe ’’ to the “ ripe " condition. It may be said at once that except for 
soluble ash and lime, the latter changes wcuv small in most cases, and 
judging by the negative figure often obtained, especially after a dry 
period, there may even have been loss of nutrients from the ripe leaves ; 
dry matter production when showing a negative value was not always 
accompanied by an ap[)arent lo.ss of nutrients, while in other cases an ap- 
parent increase in dry matter production seemed to be accompanied by 
a loss of nutrients. To what extent the summation of experimental 
errors in chemical analysis and in detennining dry matter production 
affects these small differences ia nutrient status cannot be stated. 

To return now to consideration of the changes in nutrient status of the 
whole plants during harvesting ; data to give a view of the position are 
set out in Table XXVI 
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Table XXVI. Siiowincj Changes in Status of Whole 1’lants in Pounds Per Acre 
OF Nutrient Between the Stated Periods for the Seasons 1945-4f5 and 1946-47 


Soil Type. 

Perifxl . 

Kain- 

fali 

in. 

Solu- 

ble 

Ash 

lb. 

Lime 

CaO 

lb 

Mag- 

nesia 

UgO 

lb. 

Vhos 
phoric 
Acid 
IV >6 
11. 

Botash 1 
K,(I 
11). 

Nitro 

g<*ii 

N 

11). 

Medium 

11/2/46-18/2/46 

0.49 

40.0 

18.6 

4.4 

2.1 

4,6 

9.6 

Sand 

18/2/46-25/2/46 

0.00 

83.0 

21.3 

5.2 

4.9 

27.5 

13.6 


25/2/46- 5/3/46 

1.25 

-6.0 

3.1 

0.2 

0.7 

7.2 

3.7 


5/3/46-12/3/46 

1.06 

50.5 

9.5 

2.1 

2.5 

13.3 

4.2 


12/3/46-26/3/46 

0.91 

82.3 

15.0 

3.3 

5.5 

32.7 

15.1 


Totals 

3.71 

249.8 

67.5 

15.2 

14,3 

70.9 

38.8 

Silt 

25/2/46-12/3/46 

2.31 

29.5 

7.8 

2.0 

0.1 

2.6 

6.3 

Loam 

12/3/46-26/3/46 

0.91 

84.9 

22.0 

6.1 

4.2 

27.1 

19.3 


26/3/46- 9/4/46 

8.09 

108.3 

21.5 

5.8 

6.2 

28.8 

22.1 


'Fotals 

11.31 

222.7 

51.3 

13.9 

10.5 

58.5 1 

47.7 

Medium 

11/2/47-24/2/47 

1.90 

39.9 

10.5 

3.1 

1.4 

2.5 

0.5 

Sand 

24 / 2 / 47 - 40 / 3/47 

0.00 

31.4 

8.4 

2.2 

2.7 

1 10.8 

0.9 


10/3/47-19/3/47 

0.00 

7.8 

3.2 

1.7 

0.5 

! 0.0 

3.0 


19/3/47-27/3/47 

2.19 

35.3 

8.0 

2.1 

1 .9 

3.7 

6.9 


totals 

4.09 

114.4 

30.1 

9.1 

6..S 

17.0 

8.5 

Silt 

10/3/47 27 / 3/47 

2.19 

20.2 

9.6 

3.8 

0.6 

2.3 

-0.5 

Loam 

27/3/47- 2/4/47 

0.(K) 

44.2 

14.2 

2.2 

1.5 

6.2 

23.2 


2/4/47- 9/4/47 

1.00 

51.8 

15.8 

4.9 

4.2 ' 

9.2 

-9.7 


9/4/47-16/4/47 

4.53 

28.4 

7.8 

3.6 

0 8 1 

8.2 

13.7 


i'otals 

7.72 

144.7 

47.4 

14.5 

7.1 ' 

21.3 

26.7 


The numerical data of Table XXVI demonstrate clearly that ab- 
sorption of nutrients continued right up to the end of the sc'ason. Al- 
though the amounts of soluble ash, lime, potash and nitrogcjn were 
appreciable the absorption of magnesia and phosphoric acid was much 
less, but nevertheless formed an important part of the seasons’ totals. 
As was noted in the discussion on the effect of weather conditions on the 
production of dry matter, dry and less dry periods wen^ associated 
with small intakes, or even negative values, and substantial intakes of 
nutrients respectively. The large positive followed by negative, values 
for the second and third entries of 1946 on the medium sanci are possibly 
due to abnormally large plants having been selected for samples on 25th 
February ; the dry matter figures for leaves on this date appear to be 
unusually high. 

Combining the totals of Table XXVI with the total intake' of nutrients 
as at the first harvest the following data, expressed to the nc'arest pound 
per acre, are obtained : 







1*1jos- 





Soluble 

Lime 

Magnesia 

phqric 

Potash 

Nitrogen 

Location. 

Season. 

A.sh 

CaO 

MgO 

Acid 

K 2 O 

N. 



lb. 

Jb. 

lb. 

1^206 

Ih. 

lb. 






!b. 



Medium 

1945-46 

499 

116 

27 

25 

160 

83 

Sand 

1946-47 

367 

85 

22 

18 

111 

59 

Silt 

1945-46 

449 

104 

29 

20 

127 

95 

Loam 

1946-47 

452 

116 

33 

17 

123 

96 


On the medium sand only about two-thirds as much of the nutrients 
was absorbed by the plants in 194647 as in 1945-46. but on the silt loam 
the amounts were similar in both seasons. In 1945-46 the quantities 



i ABLE XXVII. Chemical Composition of Cured Leaf from Successive Harvests, Tobacco Research Station, 1945-46 Season 
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absorbed were substantially the same on both soil types, except that 
rather more potash was present in the plants on tlie medium sand. 
From the two sets of data presented above, the proportion of the total 
season’s intake that was absorbed during the harvesting season can be 
readily determined. It appears that in 1945-46 substantially one-half 
of each of the constituents estimated by chemical analysis entered the 
plants during this period. In 1946-47 the proportions of each con- 
stituent varied rather more widely, thus on the medium sand one-third 
of the soluble ash, lime and phosphoric acid, two-fifths of the magnesia 
and one-seventh of the potash and nitrogen were taken up by the plants 
after harvesting began ; on the silt loam one-third of the soluble ash, 
two-fifths of the lime, magnesia, phosphoric acid and nitrogen, but 
only one-sixth of the potash, were absorbed over this period. 

Samples of cured leaf from the plot on the medium sand were available 
from the successive harvests of tlie 1945-46 and 1946-47 seasons. Results 
of chemical examination of these samples are given in Table XXVII for 
the former and in Table XXVIII for the latter season. Mineral, nitrogen 
and sugar contents are reported separately for the blade and the mid- 
rib of the leaves^ 

In the 1945-46 season all the harvests, except that on 5th March, 
showed high total sugar contents, the maximum figure being »S2.56 per 
cent. 'I'he low sugars and high nitrogen content of the sample on 5th 
March may be connected with effect of the 1.25 in. of rain which fell 
just before this date, breaking a drought of 7 weeks duration. I he high 
nitrogen and low sugar content has given the low \ aliie of 5.2 per c ent, 
for the sugarsmitrogen ratio. (It is to be noted however that the 
“ ripe leaves of the plant .separates on the above <late do not sliow 
this high nitrogen figure). Soluble a.sh content of the blades tended to 
decrease in passing from lower to upper Icavx's, as did lime, magnesia, 
pho.sphoric acid and potash. The latter constituent was low tliroughout 
the .season. On the other hand nitrogen was ap]>reciably higher in the 
upper than in the lower leaves. The great distinguishing differences be- 
tween the blades and the midril)s are the high soluble ash and ])otash 
contents of the latter ; pota.sh in the midribs was about four times as 
high as in the blades. Magnesia and phosphoric acid were relatively 
high in the midribs. Total sugar contents of the midribs were about 
half those of the corresponding samples of blades ; fructose formed a 
smaller proportion of the total sugars in midribs than in blades. In 
general the type of variation shown by the harvests of the 1945-46 .season 
was similar to that reported above for 1944-45. 

pH values and ratios of weights of separated blades and midribs are 
available for this season. They are set out below : 


Date 

of 

Harvest. 

pH value. 

Ratio 

Weight of l>]ade:weiglit 
of midrib. 

Blade. 

Midrib, 

12/2/46 

5.40 

4.95 

4.0 

18/2/46 

5.35 

4.90 

3.7 

26/2/46 

5.40 

5.05 

4.5 

5/3/46 

5.40 

5.00 

4.2 

13/3/46 I 

5.45 

4.85 

4.0 

3/4/46 

5.50 

5.05 

3.4 


There does not appear to be any significant variation in the pH 
values for successive harvests with either the blades or the midribs ; 
midribs are, however, distinctly more acid in reaction than their corres- 
ponding blades. Both separates are acid, the blades giving pH values 
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of about 5.4, and the midribs of about 5.0. The ratio of dry weight 
of blade to dry weight of midrib shows appreciable variations, the 
extreme values being 3 . 4 and 4 . 5. The high values correspond to leaves 
just below and just above the middle of the plant. The data for pH 
values and ratio of blade to midrib are very similar to those found for 
successive harvests in the 1943-44 season (2). 

Data for the six harvests of the 1946-47 season, presented in Table 
XXVIII, show that although the maximum figure for total sugars of 
30.01 per cent, approximated to the maximum figure of the previous 
season tlu^re was a wider range in sugar contents in 1946-47. Leaves 
of the first and last harvests were low in sugars, which gave low sugar : ni- 
trogen ratios. Other harvests showed appreciably larger sugar values. 
Sucrose was higher in general than in 1945-46. the seasonal variati<ni 
was in fact similar to that found in 1943-44 (2). In the leaves soluble 
ash, potash and nitrogen were generally higher than in 1945-46. Potash 
was at a more satisfactory level than in the previous season. The 
variation in chemical comfiosition of the midribs was also aj)preciable 
Sugar ('Oil tents, except for the first sample which was unusually well- 
supplied with sugars, followed the changes in the corresponding blade 
samples. As in the previous season the soluble ash, potash and phos- 
j)horic at id wereliigher than in the blades Nitrogen did not show an\' 
consistent variation, the midribs being sometimes richer and sometimes 
poorer in this constituent than the corr(?sponding blades. Whereas in 
1945-46, the magnesia content of midribs was always greater than that 
of their blades, in 1946-47 the latter were tlie richer in tlie first three but 
the poorer in the last three samples. 

(iKNKRAL Discussion of Five Seasons’ Results 

1'he aim of the commercial grower is to produce tobacco satisfactory 
for the puqioses of the manufacturer, hence the data jiresented above 
should be examined from this point of view. Haley and Reid (3) state 
that seed-bed ])lants wliich will produce a satisfactory crop in respect of 
both yield and disease resistance should have a ratio between their 
nitrogen and pota.s.sium contents (N/K) of approximately 0.6, pre- 
sumably at the stage when they arc set in the field. Examination of the 
data for the four seasons in which the necessary chemical data an‘ 
available, either in the present pajxjr or in the previously published 
report (1), shows that in only two of them did the ])lants liave this 
optimum ratio between these two constituents ; in the other two the 
ratios were 0.4 and 0.5. If the value of 0.6 for this ratio is applicable 
to Nelson conditions, and of course it is not necessarily so, it seems that 
the plants used in these nutrient status experiments were in some cases 
in a sub-optimal condition. There is no field evidence however that they 
were so because satisfactory growth and freedom from leaf -spotting 
diseases was obtained in all five seasons. 

Passing now to the cured leaf, the above-mentioned authors (3) 
state that flue-cured tobacco of the best quality contains, in the dry 
blade of the cured leaf, approximately 2 per cent, of nitrogen (N), at 
least 2 per cent, of potassium (K) and 18 to 25 per cent, of reducing 
sugars, and that any significant variation from these standards results 
in a poorer quality of leaf. They concluded that the best quality leaf 
was obtained when there were not less than three units of KjO for each 
unit of N in the fertilizer employed in prodicing the plants. Moreover, 
the best quality was found when the fertilizer treatment was such that 
leaves from different parts of the plant contained approximately equal 
contents of potash. They also stated, that potassium deficiency 
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actually exists in any tobacco plant that contains at maturity less 
potassium in the lower than in the middle and upper leaves and that such 
deficiency is associated with a definite lack of quality in all leaves of the 
plant In a related paper (4) it is claimed that for good (juality flue- 
cured tobacco the ratio N/K for blades should be 0.8-1 . 1. In most of 
their satisfactory samjiles this figure was about 0.9. Values on either 
side of tlie above range were associated with poorer or undesirable 
(luality. Further, it was claimed that where the potassium and nitrogen 
were supplied to tlie plants in satisfactory proportions by use of suitable 
fertilizers the variations in climatic conditions during the growing 
and harvesting seasons exerted less effect on the quality of the leaf, but 
nevertheless “ weatluT ( onditions prior to a ])riming may influence the 
composition of the leaves Kxamination of the data for cured leaf of 
the 1944-45, 1945-46 and 1946-47 seasons and also for the 1946-44 season 
(2) shows that it was only occasionally that the N/K ratio for the blades 
fell in the desiral)h‘ range. Moreover tin* nitrogen and/or pc^tassium 
contents often wen* outside the stat(‘d figure of 2 per cent, for these 
constituents. I he variations in nitrogem and })otassium contents were 
such as would lx* expix ted from Haley and Reid’s statement (6) that in 
diy^ seasons there is low intake of potassium and that rain after a dry 
period can n‘sult in poor quality leaf due to a sudden absorption of 
!iitrogen. .V striking ('xani])h‘ of this is shown in Table XXVII for the 
material harve.stetl on 5th March. Heavy rain (1.25 in.) fell a few 
days befon* this harvest after a long dry period. It is noticeable that 
the respon.s(* to nitrogen u])take was much more rapid than to potassium. 
Sugar content of this sample W'as relatively low also. 

Ivffects of sea.sonal conditions noted in the above .\merican papers 
(6, 4) can be traced also in the Nelson data. Thus in 1945 there appears 
to be a sulfi('iencv of potash accompanied by veiy high sugar content of 
the leaf, Ihis is characteristic of a wet s(*ason. In 1946 and 1947 
the low potash ('ontent is indicative of dry conditions. The data of 
(iribbins <7 al. (4) indicate that two different types of variation in content 
of r(*ducing sugars are to be found, one in which there is a steady decrease 
from the first liarvest to the last, but all showing high values, and the 
other in wdiich the middle leaves are much better supplied with sugars 
than the lower and upper leaves ; thus in the latter case their middle 
l(*aves show'('<l nearly double the sugar content of the other leaves. 
This type of variation occurred under Nelson conditions in the 1946-44 
season (2); it is to be found also in the last experimental season of the 
present series of trials (sec Table XXVIII). The other type of variation 
has been found in 1945 (Table X). In 1946, however, except for one 
sample, tlu* sugar contents were all very high, the maximum figure for 
the season occurring at the fifth harvest. Variations in sugar content 
in passing from lower to upper leaves and type of .season for some w^eks 
before and during harvesting are set out below : 




- - - 

St*a.s()n . 

1 

! ('onditions. 

1 

Sugar Content 

194a 44 

i l>rv, then very wet* 

low - > high — > low 

1944-45 

wit 

very high > low’er 

1945-46 

Dry, then moist* 

high throughout 

1946-47 

Very drv* 

low -> higli -> low 


* Crop wa.^ irrigatofl twice in 1944 and in 1946, and once in 1947, in January 
of each year 
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From this classification there does not appear to be a definite cor- 
relation between the type of variation in sugar content and the weather 
conditions other than that dry conditions in both December and January 
tend to produce the low — > high — > low type. U.se of irrigation 
water may have complicated the indications however. Further inquiry 
into this matter appears to be desirable in future seasons. 

Yield is an important consideration in growing a crop commercially. 
It is of interest therefore to see how yield of harve.sted leaves varied in 
the different seasons. The most complete data available relate to 
crops grown on the medium sand ; they are set out below : 


Season 

Strain 

Dry Matter 
lb. per acre 

1942-43 

N arrow -leav€^d 

1222 

1944-45 

P9 

1231 

1945-46 

Broad-leaved 

2369 

1946-47 

pf pp 

1875 


The narrow -leaved strain has given appreciably lower yields than the 
broad-leaved one ; moreover 1944-45 was a poor growing season. By 
courtesy of the Director of the Tobacco Research Station the weights of 
cured, graded saleable leaf from each harvest in 1946 were made available; 
from these the yield for the season was calculated to be 1973 lb. per acre. 
This is appreciably lower than the 2369 lb. given above and higher than 
the yield of 1710 lb. per acre from a neighbouring experiment in which 
the same fertilizer treatment was given as that for the nutrient intake 
experiment. A number of factors such as loss of dry matter during 
curing, varying percentages of moisture in cured leaf, and loss from low 
grade unsaleable leaf must be taken into account when considering the 
above differences. It is clear however that the broad -leaved strain is 
potentially one of high production characteristics, the yield even in the 
very drj^ 1946-47 being' good. 

One of the matters left for further investigation after the first two 
seasons’ work was the confirmation or otherwise of the intake of nutrients 
and development of dry matter over the period of harvest. It can now 
be said that in each sea,son a considerable proportion of the total intake 
has been absorbed by the plant after harvesting began. In general 
between one-third and one-half is taken up over this period. It is clear 
too from the detailed figures that absorption of nutrients generally 
continued when “ nearly ripe ” leaves passed to the " ripe harvestable 
condition. At any one sampling date “ ripe " leaves Uvsually had a lower 
dry matter content than “ nearly ripe ” leaves ; but in passing to the 
** ripe ” condition there was often a decrease in dry matter content. 
Changes in concentration of minerals and nitrogen ^so occurred. In 
general, lime content increased while potash and nitrogen contents 
decreased ; magnesia and phosphoric acid varied only slightly in most 
cases between the two maturity conditions. 

During all the previous discussions of the chemical data no reference 
has been made to the insoluble ash figures which appear in the tables. 
This insoluble ash is a difference figure derived from the crude acid- 
insoluble residue from the total ash before and after treatment with 
dilute sodium hydroxide (5). It represents silica believed to be in the 
plant structure. From the tables already presented it is apparent that 
in .some seasonsj such as in 1945-46, appreciable amounts of structural 
silica may be present. It is not wise however to put too much emphasis 
bn any suggested explanations for such variations as appear in the data. 
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Although two different strains of Harrison s Special variety have 
been used, one in three seasons and the other in two, it is of interest 
to set out the amounts of dry matter and nutrients in the unharvested 
leaves, laterals and stalks at the time when harvesting ceased. Data 
for these constituents are shown behw, all being expressed as pounds per 
acre, and referring to crops grown on the medium sand of the Tobacco 
Research Station: 


Season . 


Dry Matter. 


Leaves 

etc. 

lb. 


Stalks Total 

lb lb. 


CaC) 

lb 


1941- 42 

1942- 43 

1944- 45 

1945- 46 

1946- 47 
Averages 


318 

231 

306 

951 

334 

428 


1253 1 

1 1571 

17. 

.1 

885 1 

! 1116 

13, 

.5 

806 1 

1 1112 

16, 

.0 

1602 i 

1 2553 

31 

.4 

1216 1 

I 1550 

22 

.5 

1152 ' 

' 1580 

1 2(1 : 

.1 


! 


NulncMils 


MgO 

i 


N 

lb. j 

j 

lb ! 

lb 

lb 

6.8 ' 

9.8 

47.2 > 

27.8 

5.1 ' 

6.4 

35.0 ' 

14.2 

5.4 i 

5.4 I 

40.5 1 

18.5 

9.3 1 

12.2 

89.8 ' 

37.3 

7.6 

y.H 

48.0 ! 

20.9 

6.8 

8.3 

52.1 

23.7 


I 


If the somewhat unusal figures of the 1945-46 trial, due to the 
phenomenal growth of laterals in the second half of March in that season, 
are excluded, there are no very great variations for a given constituent 
from one season to another. In one .season lime and potash may be 
relatively high and in another pota.sli and nitrogen. The 1945-46 figure 
is of value howTver in demonstrating what may hapi>en in a season 
with a good autumn rainfall after a dry summer. Faking the average 
figures for the five seasons the nutrients available represent per acre, 36 
lb. of calcium carbonate, 36 lb. of dolomite, 40 lb. of superphosphate, 
108 lb. of sulphate of potash (48 per cent. KgO) and 116 lb. of sulphate 
of ammonia. The two latter fertilizer materials are expensive; con- 
sequently the addition of the equivalent of approximately 1 cwt. of each 
per acre in the crop residues is particularly valuable. Of the dr>’ matter 
the stalks form the bulk, amounting on the average to 1152 lb. per acre ; 
if disced in or ploughed down in the fresh state stalks will rapidly de- 
compose in the soil and help to maintain the organic matter content of 
the soil. The 428 lb. of leaves and laterals will also readily break down 
in the soil. On the heavier soil used in the trials the return of nutrients 
will be somewhat greater, especially in res|>ect of potash and nitn/gen, 
than on the lighter soil of the Research Station. Return of organic 
matter may be expected to be greater also, .\ltogethcr therefore it is 
to the advantage of the grower to get these residues into his soil as soon 
as possible after harve.sting is com])leted. In any case this should be 
done before the ])lants are damaged by frost and other adverse conditions. 
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A TEST OF THE COMBING PERFORMANCE OF WOOL, 
SHIPPED AFTER SCOURING. 

By K. V. Peryman, New 2^aland Woollen Mills Research Association 
(Inc.), Dunedin, T. F. Landreth, Bruce WiKillen Manufacturing 
Co. Ltd., Milton, and 1*. R. McMahon, Canterbury 
Agricultural College, Lincoln. 

( Received for publication^ JOth October, 1947) 

^ Summary 

I'his processing trial was designed to test the contention of some Knglish 
top makers tliat colonial w'ools, when scoured l>efore shipment, are unsuitable 
for combing because baling and transport result in entanglement and felting 
of the wool and so cause an unsatisfactory tear in combing. 

Three quarters of a lot of 3,224 lb. greasy weight of sorted 58’s warp 
quality wool was scoured and divided into three parts One part was baled, 
double-dumped and shijiped the return journey from New Zealand to Eng- 
land, one part was balecl, double-dumped and held at the mill, and the third 
part was loose!}' packed and held at the mill. I'he unscoured c^uarter was 
baled, double-dumped and shipped the double journey along with the double- 
dumped scoured wool and finally scoured on its return. Thus there were 
four lots for the subsequent combing test. 

Each lot was processed into tops by identical procedures except that 
the double-dumped scoured wool was given an extra passage through the 
willey. Measurements were made on each lot with respect to tear ratio, 
fibre length of top and card sliver and the nep count of the card sliver. 
Neither these measurements nor the observed performance from carding to 
combing revealed any differences of industrial importance between the lots 
of wool treated in the four different w'ays prior to processing. 

IntRODUCTIOaN 

(tREASY wool production in New Zealand amounts to between riO.tKK) 
and 140,000 tons annually, and of this quantity, more than 90 per cent, 
is shipped overseas for processing. The average yield of clean scoured 
fibre in the clip is probably between 65 and 68 per cent. (cf. Henderson 
and McMahon, 1947), so that shipment in the grease involves the carriage 
of over 38,000 tons of unwanted impurities long distances by sea and other 
transport. One of the objections raised to carrying out the initial stages 
of processing in the Dominion is the suggestion that scoured wool suffers 
felting during transit, resulting in increased fibre breakage during 
carding and combing, and decreasing the proportion of “ top ” obtained. 

Modem work suggests that the principal cause of felting is not the 
interlocking of cuticular scales of adjacent fibres brought about by 
pressure (de Witt, 1888), but rather entanglement which occurs when 
the fibres “ creep in much the same way as a worm crawls ” (Arnold, 
1929). “ Creeping is made possible by directional effects due to the 
scales and by the unique elastic properties of the wool fibre. It is 
facilitated by the softening effect of moisture, by high acidity or 
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moderately high alkalinity, and can only take place when the fibrous 
mass is subjected to movement with alternate application and release 
of stress to individual fibres, such as occurs during washing, milling and 
felting. Under these circumstances, it is clearly most unlikely that 
fibre creep can occur in a dry mass of scoured and rinsed wool, tightly 
pressed in the wool bale and then double-dumped and secured with wire 
or iron bands. If wool scoured before shipment does in fact give in- 
ferior combing results, it is much more likely to be due to fibre damage 
caused by treatment during .scouring, or to a certain degree of felting 
having occurred in the scouring bath, where conditions are such that 
this could readily take ])lace. At the same time, the j)ossibility must 
not be excluded that disappointing combing results in mills accustomed 
to scouring their own material have been due to insufhcient appreciation 
of the behaviour of fibres subjected to constraint for periods of several 
months. Although wool is one of the most elastic of our textile materials, 
deformed fibres do not always return to their original relax(‘d dimensions 
immediately the cause of deformation is removed. Rinsed wool sub- 
jected to the scouring process is brought to the card in a completely 
relaxed and lofty state, whereas wool which has been pressed after 
scouring requires more opening, preferably in a damp atinosi)h(Te. to 
relea.se the temporary sets which the fibres hav(‘ sustained 

'I'hk K.aw (iKEAsv Wool 

A sorted c<mimercial lot of New Zealand wool in the grease, S8's 
combing warj) (juality, total weight 8,224 lb, yielding 87.8 per cent., 
and supjilied by the Bruce Woollen Manufacturing ('o.. Ltd., Milton, 
New Zealand, was cho.sen for the test. 

Trk.atmen'i Prior to the IMnx essin(. I riai. 

General Scheme. 



Sorti-d Wool, 3.224 Ih.. 

greasN’ 

Scoured 2 ' 

of total 


] of total packed into 

and packed into bales 


two bales in the grease 

2 ])ales double- 

2 bales 

Bales 

2 bales double-dumped. 

dumped and ship- 

double- 

loo.selv 

shipped N.Z. to Eng- 

ped N.Z. to Eng- 

dumped 

packed 

land and return and 

land and return. 

and lield 

and held 

linallv .scimred. 

(Lot 1) 

at mill. 

at mill. 

(Lot 4) 


(Lot 2) 

(Lot 8) 


For subsequent 

})rocessing 

each lot was 

split into t\\(» parts called 


Batch A and Batch B, each bale forming the unit wluuv possible. 
Scouring, 

The scouring of the wool was carried out in a four bowl .set, three 
feet wide, harrow type, to meet the requirements for high qualitN* worsted 
processing. 

The greasy wool, after passing through a Taylor Wordsworth double 
cylinder willey (the front and back cylinders ran at 480 and 580 R.P.M. 
respectively), was fed to the scouring set by means of an automatic 
feeder at about 420 lb. per hour. The first two bowls were each of 
1,900 gallons and contained respectively 0.15 per cent, and 0.04 per 
cent, of soap and 0.07 per cent, and 0.01 per cent, .soda ash. The 
third bowl contained water only and fresh warm water was supplied 
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continuously to the rinse bowl. The temperatures were 126°f. for the 
first and second bowls, 120'’f. for the third bowl, and 100®f. for the 
rinse bowl. Before commencing to scour the wool the liquors were 
run in on merino pieces for two hours. During scouring, measurements 
of pH and temperature of the liquors were made at hourly intervals, 
and when necessary, at shorter intervals. 

The scoured wool was dried in a three-tier Taylor-Wordsworth 
dryer operating at 150®-165®f. 

In scouring the two bales of greasy wool returned from England, 
care was taken to give it the same treatment as was given the portion 
corresponding to Lots 1 and 3. 

The mean results of analyses of the scoured wool are given in Table I. 


Table I. Analyses of Scoured Wool 



1 

1 Grease Content. 

Absolute Alcohol 

Sorbed 

Lot 

1 - - 

. 

Extract (after 

Alkali 

No. 

Mean. 

Range. 

pet. ether). 

as NaOH. 


(Per cent.) 


(Per cent.) 

(Per cent.) 

1-3 1 

0.69 

0.27 per cent. 

0.81 (mean | 

0.34 

1 


to 1 .2 per 

of 3 tests) 




cent, on 17 

1 


i 

1 

i 

tests 



1 

4 1 

0.97 

0.61 i>er cent. 

1 .00 (mean 

0.37 

I 


to 1.44 i>er 

of 4 tests) 


j 


cent, on 7 




1 

' tests 




Baling, 

Before baling, the scoured wool corresponding to Lots 1 to 3 was 
allowed to lie for four weeks in bins by which time it reached an average 
regain of 11.9 per cent. 

Standard jute packs were used for baling each lot. The bales were 
then treated as shown In Table 11. 


Table 11 Details of Baling 


Lot 

No. 

1 i 

Bales. 1 

Weight of 
each bale. 

(lb. net) 

Treatment of bales. 

1 

2 i 

274, 274 

Double-dumped and shipped. 

2 

2 i 

270, 274 

Double-dumped and held at the mill. 

3 

6 1 

91 (mean) 

Loosely packed and held at the mill. 

4 

2 j 

340, 341 

Double-dumped and shipped. 


Lots 1 and 4, after double-dumping, were shipped to England per 
the Antar ’ and returned to New ^aland per the “ Rimutaka ”. 
All the lots remained in bales for seventeen months with the exception 
of Lot 4 (fourteen months) before further processing, Lots 1 , 2 and 4 being 
in double-dumped form. 

Processing Trial 

For subsequent processing each lot was divided approximately into 
halves, taking a bale for each unit in the case of Lots 1 , 2 and 4, thus 
giving eight batches designated as lA, IB, 2A, 2B, 3A, 3B, 4A, 4B. 
Processing was carried out in the following batch order : 3A, 2 A, lA, 
4A, 4B, IB. 2B, 3B. 

All the machinery used was made by Taylor Wordsworth and Co., 
Ltd., and suitable for processing fine crossbred wools. 
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Opening. 

Each batch was first put through a double cylinder willey or opener 
of the following characteristics : — ^The cylinders were 28 in. in diameter, 
studded with spikes in. long, and of effective width 28 in. 'Fhe nip 
of the fluted feed roller could not close to less than \ in. and was located 
2\ in. from the tips of the spikes of the first cylinder. The speeds of the 
first and second cylinders were respectively 383 K.P.M. and 453 R.P.M. 
and the surface speed of the feed rollers was 22.7 ft. per minute. 

After observing that the rates of carding ])roduction of Batches lA 
and 2 A were greater (most probably due to compact pieces of wool 
falling into the weigh pan of the automatic feed and reducing its pre- 
cision of weighing) than for the other batches, the decision was made 
to increase the degree of opening of Batches 1 B and 2B by a second 
passage through the willey. 

r arding. 

A medium worsted card, 60 in. wide, of conventional design and 
with automatic feed was used, the speed of the swifts being between 
109 and 112 li.VM. 

In preparation for the trial, the card ch)thing was ground and run 
for six days foll(»wed by fettling and a further run for two days on 60's 
wool. The card was again fettled and run-in between Batches 4A and 
4B. 

Before feeding to the card the opened wool was weighed, regain de- 
termined, and oiled on the floor with a stirru]) pump using an emulsion 
of batching oil (JB/QSX by Benj. K. Vickers and Sons Ltd.) calculated 
to give 2 per cent, added oil and 24 per cent, mean regain on the wool. 

The automatic feed to the card was set to give an average output 
of 60 to 64 lb. per hour and remained unchanged throughout the trial. 

The carding production was measured by weighing the cejntents of 
each can as it was taken off at 15 minute intervals. The temperature 
and relative humidity of the atmosphere at the card was measured 
by a wet and dry bulb whirling hygrometer at 90 minute intervals. 

Samfiles of card sliver, each about 9 feet long, were taken during 
carding from can Nos. 3, 8 and 14 in order of production for measure- 
ments of fibre length and nep count. 

Bachuashing to Punchballing. 

The card sliver was backwashed in a twt)-bowl machine, with a 9 
cylinder diy^'er, and a double-headed machine delivering into cans. A 
0.13 percent, soap liquor was used in the first bowl and rinsing water 
in the second, the bowls being made up fresh for each batch. The 
average liquor temperatures were 110"'- 115°f. and the drying temperat- 
ure about 152°f. yielding a sliver at approximately 22 per cent, regain 
at the backwash gill where 3 per cent, of batching oil (Vickers JB/QSX) 
was added. 

The slivers from the backwash gill were passed through one strong 
box and on to the punch box where 13 lb. balls were made, except that 
in Batch 4B the balls were 12 J lb. The drafting data are given in 
Table III, 

Combing, 

In combing by the Noble comb, care was taken to ensure that the 
settings of the feed knives and the draw-off nfllers remained the same 
for processing each lot. The feed knives were kept set in one position. 
The dabbing brushes were in good condition. 
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Measurement of the tear ratio was carried out by weighing the sliver 
and noil corresponding to groups of three cans and single cans in suc- 
cession, but rejecting the, last three cans with the corresponding noil 
because of possible irregularity due to the punch balls beginning to 
run out. 

From the second finisliing gill, a top sliver of 5 oz. per 10 yd. was 
delivered in balls of mean weight 8 lb. 2 oz. The drafting data are 
given in Table III. 

Table 111. Drafting Data 


()|)erat ion 

Weight of 
Sliver fed 

1o Machine. 

Numl)er 

of 

Draft 

(oz./lO yd.) 

Ends up. 


Backwash gill ... ... < 

10.0 

10 

7.8 

Strong box 

12.8 

5 

6.8 

Noble comb 

9.4 

72 

- 

1st Finishing gill 

2.6 approx. 

16 

5.75 

2nd Fini.shing gill i 

7.2 

4 

5.8 approx. 


Samples of tcip for fibre length measurement were taken from four 
balls di.strihuted over each batch. 


l^ESULTS AND DISCUSSION 

Staie of the Scoured Wool, 

Batches lA and IB smelled a little musty in the centres of each bale 
after breaking open, but the appearance of the wool under ultra-violet 
light or under the microscope or after staining with methylene blue 
did not differ from the other batches. 

Opening. 

The higher carding production rate for Batches lA and 2A shown 
in Table VI indicated a lower degree of loftiness for these compared 
with the other willeyed lots and this was also apparent to the eye. After 
pas.sing Batches IB and 2B twice through the willey this diflPerencc was 
no longer apparent and the carding rate was restored to normal. 

The weights of sweenings from under the willey are shown in Table 
V. In view of the variable nature of these impurities it is considered 
that the differences between the figures have no importance. 

Carding. 

All lots ran satisfactorily. 

The atmospheric conditions at the card arc shown in Table IV. 


Table JV. Atmospheric Conditions at Card 


Batch No. 

Temperature in ‘ 

’f. at 

Per Cent. 

Relative Humidity at 

15 min. 

105 min. 

240 min 

15 min. 

105 min. 

240 min. 

lA 

77 

77 

77 

51 

49 

49 

IB 

72 

76 

— 

49 

51 

- 

2A 

83 

83 

82 

48 

53 

53 

2B 

82 

82 

77 

48 

50 

52 

3A 

72 

86 

86 

56 

46 

47 

3B 

79 

79 

77 

57 

45 

43 

4A 

75 

78 

78 

60 

.53 

53 

4B 

74 

71 

78 

43 

41 

38 
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The temperatures during carding would all be regarded as satisfactory 
but the humidity of the atmosphere was rather hm while carding Batch 
4B and part of Batch 3B. No effects of static electricity were noticed 
however. 

Card waste collected as sweepings from under the card is recorded 
in Table V. Again the variable nature of the sweepings is the reason 
for regarding the differences between the figures as of no importance. 


Table V. Willey and Card Waste 


Katcii 

No 

Weight of liatch 
after opening 

Sweepings 
; Willov. 1 

Card 


Ih 

1 lb. 

oz * 

lb 

oz. 

lA 

280 

! 0 

10 

0 

8 

ID 

276 

1 1 

7 : 

0 

10 

2A 

i 281 

1 

4 ! 

0 

3 

2H 

! 279 

1 

1 

S 

i 

0 

14 

3A 

287 


i 

1 

9 

3H 

2S4 

1 

a 

0 

7 

4A 

220 

0 

n ! 

0 

4 

4H 

220 

0 

11 ! 

1 

2 


The nep contents of tlic samples of card slivers were counted on foot 
lengtlis (about 10 g.) of two .sliver samples from each batch by the 
method of Townend and Spiegel (1944) and the results are recorded in 
Table VI. The relatively high number of neps for Hatches 4A and lA 
can probably be explained as being due to the fact that these batches 
were the la.st two carded before fettling. Tlie differences found between 
the other batches are not significant. 

The results of fibre length measurements on the samples of card 
sliver by the cut-squaring-method described by Daniels (1942) are 
recorded in Table VI. 

Table VI Fibre Length and Nki* ( ocnt op C'ard Sliver 




I'ibre Length 



\cp ('ount as 



- 

- 




neps per g 

Carding 

liatch 

No. of 

.Mean 

• i 


* 



Protluction 

No. 

fibres 

length. 

S D. 1 

S.K. 

(' of V. 

Separate! 

Mean 

(lb per 


measu- 

(cm.) 

(cm ) ' 

(cm ) 

(Per 

Kesults 




red. 


j 


cent.) 

1 

1 



lA 

L393 

7.22 

4.9M 1 

,13 

68.9 

25. ! 

28 

71 

IB 

1,332 

6.93 

4.86 i 

.13 

70.1 

18. 16 , 

17 

64 

2A 

1,504 

7.03 

4.96 I 

.13 

! 70.6 

14. 20 1 

17 

74 

2B 

1,838 

7.02 1 

5.03 

.12 

71.6 

22, 21 1 

j 

22 

63 

3A 

1,313 

7.06 

5.(K) 1 

,14 1 

70.7 

15, 19 ! 

17 

61 

3B 

1,756 

7.69 

5.09 i 

.12 ! 

1 

1 66.2 

1 

14, 21 ; 

1 

18 

64 

4A 

1,416 

7.14 

5.04 i 

.13 

70.6 

34, 30 i 

32 

60 

4B 

1,407 

6.98 


.13 

70.2 

17, 23 1 

20 

61 


* S.D.5=s S tandard Deviation. S.E. = Standard Error. C. of V. -Coefficient of V^ariation. 


The results of fibre lengtii measurements on the card .slivers are 
shown graphed as cumulative diagrams (corresponding to Baer dia- 
grams) in Fig. 1 which .shows the “ B " series only. Curves for series 
A ” are not shown but they follow closely those for IH, 2B and 4B. 
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longer than for the other batches and could be of practical importance, 
but it is not confirmed by its duplicate Batch 3A nor is it supported by 
Batches 4A and 4B. Although the difference in the mean fibre length 
between Batches lA and IB is statistically significant it is considered 
too small to be of practical importance. The other differences in mean 
fibre length are not significant. 

C ombing. 

The cut-squaring-method of Daniels (1942) was also used for deter- 
mining the fibre length bf the tops, the .samples being taken from four 
balls distributed over cacli batch. These results, together with the 
tear ratios, are shown in Table VII. Results for Batches lA, 2A, 3A 
and 4A are not given because, owing to a misunderstanding, a gilling 
was omitted before combing. The fibre length measurements are 
shown plotted as cumulative diagrams in Fig. 2. Again the fibre kmgth 
measurements have failed to reveal, with the exception of Batch 3B, any 
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differences of practical significance between the lots. The slightly greater 
mean fibre length of Batch 3B is supported by the results of measure- 
ments on the card sliver but is not supported by corresponding measure- 
ments on Batch 4B. Possibly the fact that Batch 3B was the last one 
processed contributed to its slightly superior performance. 

Included in Table VII arc the results of fibre-fineness measurements 
on the tops under the projection microscope. The fineness figures do 
not appear to warrant comment other than that the quality number of 
the tops apjiroximates 56’s on the Bradford scale. 

No importance can be attached to the differences shown between the 
figures for the top to noil ratios, which, from an analysis of the weights 
measured during combing, are not .statistically significant. 

Table VJl. Tear, Fibre Length and Fibre Diameter of Tops 


iMuic Fibre Diameter, 


Batch 

No 

1 op to 
Noii 
Ratio. 

No. 

of 

Fibres. 

Mean 

Length 

(cm.) 

S.D. 

(cm.) 

i C. of i 
! V. : 
(Per 1 
cent ) 

S.E. 
(cm.) i 

Mean | 

1 Diam. ; 

W i 
- - -1- 

S.D. 

1 r. of 
! V. 
(i>er 
cent.) 

SE 

IB 

6.05 : 1 

1602 

I 9.42 

4.31 

45.8 

! 

28.9 ! 

6.4 

22.2 

0.23 

2B 

6.43 : 1 

1677 

9.29 

4.39 

47.3 1 

i j 

0.11 

28.7 ! 

t 

6.5 

22.6 

0.29 

3B 

6.09 : I 

1689 

9.66 

4.29 

44.4 

0.10 

28.3 1 

6.1 

21.6 

0.28 

4B 

6.21 : 1 

1987 

j 9.33 

4.39 

47.1 i 

1 0.10 

27.9 1 

6.5 

23.2 

0.24 


Conclusions 

It is considered that no differences of industrial importance were 
found in the carding and combing properties of the wool irrespective 
of whether it was scoured and double-dumped before shipment, double- 
dumped in the grease before shipment, scoured and stored after double- 
dumping, or scoured and stored loosely packed. 
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POLLEN IN HONEY AND BEE LOADS 

By W. F. Harris and Doris W. Filmer, Botany Division, Department 
of Scientific and Industrial Research, Wellington 

( Received for ptihliraiion, 4th July, 1947) 


Summary 

Samples of honey and liee loads obtained from test hives situated within 
“ bee range ” of native bush, scrub and pasture, at Pongakawa, New Zealand, 
were examined for their pollen content. It was found that during the season 
November, 1945, to March, 1946, the pollen of only a few of the species in 
this area, which are known to l>e visited by honey bees, was recovered in the 
honey and bee loads Most of the pollen in the honey came from scrub 
(manuka), pasture and waste places (clover, lotus, catsear, hawkbit, and 
thistle) Native bush was represent eti by a small percentage of rewarewa 
'the principal pollen t\'pes in tlie liee loads were from pastures and roadsides 
(lupin, clover thistle, lotus, cat.s(*ar, hawkbit. and plantain) 


Introduction 

It is desirable to know to what extent different honey tyjH's are charac- 
terized by their pollen content. The source of the parent nectars cannot 
be deduced from the pollen content, of the honey without reference to 
other characters and to methfxls of extraction, but cases do arise in 
which it is desirable to identify the pollen in honey. Under suitable 
conditions much can still be learned concerning the activity of honey 
bees at different seasons in i)articular localities, from the study of the 
pollen content of honey samples and bee loads. The present jiaper deals 
with a series of honey samples and bee loads which were examined in 
connection with the botanical aspects of a recent outbreak of honey 
poisoning investigated by the Department of Agriculture. \ general 
description of the area, and of the manner in which the samples were 
obtained, is given elsewhere (Harris and Filmer, 1947, and i^atenson. 
1947). 


The sources of honeys in New Zealand were discussed by ('ockaync 
<1916), and more recently by Winter (1946), and have also l><vn the 
subject of numerous articles concerning particular localities. However, 
little published work exists concerning the pollen in New Zealand honeys. 
Waters (1915-6) gave detailed descriptions of a few pollen types, but pol- 
len^ of indijgenous plants were not dealt with. Since Waters’ descrip^us 
were published, his methods of preparation have been sujx^rseded ;by 
methods evolved in the northern hemisphere, where considerable atten- 
tion has been given to pollen morphology, and to the identification of pol- 
lens in peat, on atmospheric slides and in honey. The only available 
key for the identification of the pollens of indigenous ))lants (('ranwell, 
1942), is based on these more recent methods of preparation, but lacks 
illustrations and is complicated by the inclusion of many ixillen types 
unlikely to concern the investigator of honey. pollens. There is therefore, 
little information available concerning pollen types in New Zealand 
honeys, which is based on the newer methods of preparation, and covers 
both exotic and indigenous s)>ecies. 
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I'OLLEN AND NkCTAR iM.ORA 

The apiary was situated in the Pongakaw'a Valley where native bush, 
scrub and pasture were within “ bee range of the hives. A botanical 
survey was carried out to determine the species available to bees in this 
area, and nearly 2(M) were noted (see Appendix). A relatively large 
proj)ortion of these (about two-fifths) was cultivated, in many cases 
represented by only a few individual ])lants. The scrub contained 
fewer species, which, howevc^r, were mon* abundant. In the small area 
of bush examined some 40 species were observed, mostly trees and shrubs, 
of which only a few were entomophilous, and none were abundant. One 
third of the species listed were weeds and herbs occurring in pastures, on 
roadsides, or in waste places, mingling at times with the scrub. Some 
few of these were sufficiently abundant to be of importance to bees, as 
the ])ollen results show. Sixty-one of the species recorded are known 
to be worked by bees for pollen, and 150 sjHicies are knowm to be nectar 
plants, 66 of which hav<* I)een reported to be visited by bees. 

Materials 

{a) Honey : 

The honty and pollen samples wctc collected by Mr. (',. K. Paterson, 
Apiary Instructor. I)epartment of .Agriculture, Hamilton, and forwarded 
for investigation. 

To s(‘cure samples of incoming honey collected over definite periods 
the following procedure was adopted. “ Prior to the cc^mmencement 
of the* tests the bees were allowc‘d to use up all stored honey. Sugar 
syrup was then fed to sustain them until the first spring nectar was 
available. To ensure that a sample of honey covering a definite period 
would be secured, hives \ and H were both kept overcrowded and one 
or two empty drawn -<mt combs were placed in an appropriate position 
in the hives and the date noted, .\fter samples had been cut out from 
these combs covering a pcTiod c»f approximately 14 days they were 
replaced by fresh empty combs. In this way it was considered that a 
complete coverage of all incoming nectar and pollen would be obtained.*’ 
(Paterson. 1947). 

A weighed amount c»f honey, 25 or 50 g., was dissolved in warm water 
and the pollen conttmt concentrated by centrifuging. Pollen was either 
stained with basic fuchsin or treated by Krdtman's acetolysis ” method 
(Erdtman, 1943). 

(6) Bee Loads : 

Samples were secured by placing a pollen trap at the entrance of 
hive B. The bees in this hive were of a black strain, wdiile those in hive 
A wen* Italian. I'he bees very soon became accustomed to forcing 
their way through the trap, the jKillen being knocked off their legs in the 
process, and collected in a tray at the bottom.” (Paterson, 1947). 

The })ellets were mostly lenticular in shape, and various colours. The 
pellet size and weight were less variable than the colour, for most of the 
pellets were about 3 mm. long, and weighed about 1 mg. (air dry). 
From each samj>Ie of bee loads a random lot of over 200 pellets was taken 
for detailed examination. These |wllets were grouped according to 
their colour, and each colour group was examined for consistency of 
pollen type, and sorted accordingly. The percentage of each pellet type 
in the bee load sample was then estimated. 
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Identification of Pollens 

Identifications were made by reference to keys*, illustrationsf, and 
a set of pollen slides prepared from the s]>ecies noted in the botanical 
survey of the district. 

It is not always practicable to separate pollens of closely related 
plants, so for statistical purposes we have designated these pollen types 
by the vernacular name of one of the common species each, represents. 
However, the application of this rule varies according to circumstances, 
as species not known to occur in the locality were not taken into con- 
sideration. 

The following are the principal pollen types encountered in this study. 


Important Pollen Types in Honey and Bee J-oads 


Pollen Type 
Catsear 

Clover 

Lotus 

Lupin 

Manuka 

Thistle 


Species Represented 

Hypochaeris radicata L. (catsear), Leoniodon 

hispidus L. (hawkbit). 

Trifolium species — T. pratense L., 7\ repens L. 

Lotus ulif^inosus Schkuhr. (L, major Sm.). 

Lupinus arhoreus Sims. 

Leptospermum scoparium Forst., L. ericoides A. Rich, 
(and possibly other Myrtaceae). 
mostly Cirsium lanceolatum (L.) Hill. 


Pollen Type 

Species Represented 

Honey 

Bee Loads 

Buddleia 

Buddleia spp. 

— 

4 - 

Caryophyllaccae 

All species 

-1- 

— 

Compositae 

All species 


— 

Conifer 

Pines, etc. 

4 

+ 

Ericaceae 

All species 

+ 

-f 

Grass 

All species 

+ 

4 - 

Malva 

Malva spp. 

+ 

4 

Pigeonwood 

Hedycarya arbor ea Forst. 

— 

4 - 

Plantain 

Plantago lanceolata L. 

— 

-f 

Tutu 

Coriaria arborea Lindsay. 

+ 

— 


Pollen Results 

(a) Pollen content of honey : 

There are acknowledged difficulties in correlating quantitatively, or 
even qualitatively, the pollen in honey with the sources of nectar (Mel- 
ville, 1945). It is remarkable, however, that the pollen results are 
fairly consistent over a period, whereas, if there were no relationship 
between the proportion of pollen and of the parent nectars, a more 
fortuitous occurrence of the pollen maxima might be expected. 

Details of the pollen content of the samples are given in Tabic I. 

Though manuka was the predominant pollen throughout the period 
studied, and though there was also a small but constant percentage of 
rqwarewa pollen in November and December samples, introduced species 
were represented by the greatest diversity of pollen types. In December 
there was a high proportion of clover pollen in sample (ii) taken from 
the hive on the 15th, which may have been caused by favourable weather 
conditions. The bee load sample taken on the same day was composed 
entirely of white clover pollen.. Throughout February there was a small 
but constant percentage of thistle pollen, and in sample (ii) taken from 
the hive on iSth March, when Cirsium lanceolatum was in full flower, 
there was 46 per cent, thistle pollen. 


* Craaw^ tl^42), Wodehbuse (1935). 
t Wod#e^ (1935, 1#45), Armhruster and Oenike <t^). 
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During the botanical survey of the area, 66 species were observed 
which are known to be visited by honey bees for their nectar, and 56 of 
these could be represented by the pollen types recognized in the honey 
samples. 

{b) Pollen content of bee loads : 

Pollen contains foods essential for the bees, and where a choice is 
available selection is made according to their “ tastes ”, the selection 
being based on the relative abundance of certain materials in the respec- 
tive pollens. The area in which the apiary was situated provided a 
variety of plant communities and pollen types within “ bee range ” of the 



Table 1. 

Percentage Pollen Content of 

Honey Samples 


Date. 

Sample. 

Manuka 

Kewa- 

rewa. 

Clover. 

Lotus. 

Catsear. riiistle. 

Others, 

1945 








♦Feb. 

Unfit for 








use 

61 

I 

14 

15 

2 1 

6 

Nov. 








17 

i 

93 

1 

3 

- - 

- . 

3 


ii 

82 

4 

5 

- 


9 

29 

i 

61 

11 

22 

1 


5 


ii 

71 

3 

12 

1 

4 

9 

Dec 








15 

1 

76 

2 

15 

_ 

2 

5 


ii 

0 

1 

67 

11 

1 

— 

29 

1 

73 

1 

9 

10 

1 

6 


ii 

94 


1 

2 

1 

2 

1946 








Jan. 








7 

1 

87 


8 

5 

. - 

- 


ii 

82 


3 

11 

1 

3 

14 

i 

58 

- 

32 

6 


4 


ii 

97 

- 

3 

- 

_ . 


21 

i 

87 

- . 

6 


6 

1 


ii 

91 


4 

1 

1 

3 

Feb. 








3 

I 

90 


4 

- 

3 

3 


ii 

90 

- 

6 

3 

1 


21 

i 

55 

- 

31 

2 

7 

5 


ii 

71 

— 

10 

13 

6 


Mar. 








15 

i 

85 

. - 

3 

3 

1 7 

1 


ii 

17 

2 

15 

1 

18 46 

1 


* Sample from the same locality, included for comparison. 


apiary, but the bee loads examined showed that the bees had worked 
only a few of the pollen types available and these principal types were 
most common in pastures and waste lands. 1'hus the main sources of 
pollen were, lupin in November, clover in December, lupin and thistle 
in January, and thistle in February. Small amounts of lotus, catsear, 
hawkbit, and plantain pollen were also found (see Table II). 

The differences in colour observed in pellets composed of the same 
pollen type may be influenced by the presence of varying amounts of 
wax, and/or, by the presence of other pollen types. Traces of other 
pollen types might be attributable to contamination, either of the flower 
by wind- or insect-bome pollens, or from the honey with which the 
pollen load is moistened. Mixed loads, containing high proportions of 
two or more pollen types were found, probably when certain types were 
in limited supply. Thus thistle was found in mixed loads early in 
February, but later in pure loads and in much greater abundance. 
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CoMPAUisoN OF Important Pollen Types in Honey and Bee Loads 



Honey Bee Loads 

November 

manuka lupin 


Deceml)er 

manuka, clover white clover 

January' 

manut^a lupin, thistle 

February 

manuka thistle 


March 

manuka, thistle thistle 



Tablk 11 

i’OLLKN CONTKNT OK BliK LoADS 

Percentage 

Date. 

Pellet Colour. 

l^ollen CyiMJ. 

of Pellets 

1945 


per Sample. 

Nov. 17 

Deep orange 

lupin 

1 

68 


Orange 

lupin 


Lemon 

lupin 

17 


Pale lemon 

lotus 

4 


(rreen-black {inix«|) 

thistle, lupin 

10 

29 

Orange 

lupin 

93 


Lemon 

lu]un 

5 


Pale lemon 

liuddleui 

1 


Black 

thistle 

1 

Dec. 15 

( )range 

Lemon 

l^mon to orange 

Irifotium repent 

Trifolium repens i 

Tri folium repent ) 

87 

13 

1946 



Jan. 7 

Deep orange 

lupin 

15 


Orange 

lupin 

42 


Lemon (mixed) 

lotus and thistle 

31 


Brown (mixed) 

lotus and lupin 

8 


Gre)* 

lotus 

4 

. 14 

Deep orange 

lupin 

8 


Orange , 

catsear 

1 


Lemon 

thistle 

79 


Brown (mixed) 

lupin and lotus 

8 


c;rey 

thistle 

8 

21 

Deep orange 

lupin 

2 


Orange 

catsear 

4 


I^emon 

thistle 

86 


Brown 

lupin 

3 


(irey 

thistle 

5 

Feb. 3 

Deep orange 

lupin 

1 


Orange \ 

Light orange ) 
Yellow (mixed) 

Fawn lemon \ 

catsear 

thistle and monocotyledon 

12 

1 


Fawn white > 
Grey-black ) 

thistle 

86 

21 

D^p orange 

lupin 

13 


Orange 

catsear 

25 


l^mon 

thistle 

50 


Bright lemon 

thistle 

1 


Grey 

thistle 

8 


Blackish 

thistle 

3 

Mar. 15 

Deep orange ^ 
Orange ) 

catsear 

14 


light Brown ^ 
Ydlow brown ) 

thistle 

75 


Brown (mbced) 

lupin and M>Ttaceae 

4 


Mixed brown 

lupin and Myrtaceae 
thistle 

1 

1 

, 

OfUBV 

m(te 

thistle 

thi^le 

4 

1 
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Some of the lioney produced in this locality prior to the present 
investigation was said to be difficult to extract — a characteristic of 
manuka honey. Though there was generally a high percentage of 
manuka pollen in the samples examined, other species may have been 
more important nectar sources than the pollen statistics indicate. 
Rewarewa, for example, which is represented by a much smaller percen- 
tage of pollens, has a more specialized type of flower and a larger pollen. 
Possibly rewarewa honey might contain less pollen than manuka honey. 

It is interesting to note that the flowers of Lupin us were described 
by Knuth (1908, p. 271), as “ nectarless bee flowers for in the bee loads 
examined here lupin pollen was important, but ver\’^ little was found in 
the honey. 

Small amounts of pollen from plantain, pigeonwood, and buddleia 
were found in the pellets, but not in the honey. This indicates that the 
bees have worked these plants only for pollen (plantain, pigeonwood), 
or that pollens were present in only sm^l numbers in the honey and 
were missed in sampling (Buddleia, Howes. 1945). 

C ONCLUSIONS 

I'he above results do not afford comparisons between different 
localities or honey types, but the data arc presented for possible future 
use in this connection. Should future work along these lines be indicated, 
a key, with illustrations and brief descriptions would facilitate recognit- 
ion of the main |W)llen ty|)es likely to be encountered. 
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APPENDIX I 

The Plant List 

The plant list was compiled during the botanical surveys of the area 
by W. F. Harris and A. J. Healy (November, 1945) and H. E. Connor 
(February, 1946). Literature was consulted for references to the 
utilization of flowers as nectar or pollen sources, with the primary object 
of devising a guide for the identification of pollens in honey and bee 
loads. In this appendix the authorities referred to are designated by 
numerals as indicated at the end of the list. 


Plants Observed During Botanical Surveys of the Pongakawa District 


Common Name. 

Botanical Name. 

Nectar Pollen Worked 
Flowers. Flowers, by Bees, 

Alyssum 

Alyssum sp. 

7 

7 

7 

Anchusa 

A fichusa sp. 

7 

9 

7,9 

Antirrhinum 

Antirrhinum majus 

6,7 

7 

7 

Apple 

Pyrus malus 

7 

7 

7 

Arctotis 

Arctotis sp. 




Azalea ^ 

Azalea .sp. 

6.7 



Bai berry 

Herberts vulgaris 

7,8 

7,9 

7,8,9 

Bean, broad 

Vida faba 

7 

9 

7,9 

Bean, kidney 

Phaseolus vulgaris 

8 



Bedstraw, native 

Galium umbrosum 

4 



Beet 

Beta vulgaris 

6 



Bluel^ells, native 

Wahlenbergia gracilis 

3 



Blueberry 

Dianella intermedia 




Bluegum 

Eucalyptus globulus 

3 


3 

Broadleaf 

Griseiina Httoralis 


4 


Broom 

Cyiisus monspessulanUs 




Tree lucerne 

C proliferus 

3 



Broorarape 

Orobanche minor 

6 



Buddleia 

Buddleia sp. 

7 

9 

7.9 

Buttercup, native 

Homunculus hirtus 




Buttercup 

H, repens 

2,8 

9 

8,9 

Bushlawyer 

Rubus cissoides 

3 



Californian poppy 

Eschscholtzia californica 

7 

7,9 

7,9 

Canterbury bells 

Campanula sp. 

7 

7,9 

7,9 

Cardamine, native 

Cardamine heterophylla 

6 



Carnation 

THanthus sp. 

6 

9 

9 

Catchfly 

Silene gallica 

1 



Catmint 

Nepeta .sp. 

7 



Catsear 

Hypochaeris radicata 

3,8 

3 

8 

Cherry, flowering 

Prunus cerasus 

7 

7 

7 

Chickweed 

Stellaria media 

7 

7,9 

7.9 

Chrysanthemum 

Chrysanthemum sp. 

6 



Cleavers 

Gahum aparine 

4 



Clover, red 

Trifolium praiense 

7,8 

9 

7.8,9 

Clover, subterranean 

T. suhterraneum 

6 



Clover, suckling 

T. dubium 

7 


7 

Clover, white 

T. repens 

7 

9 

7,9 

Cc^umbine 

Aquilegia sp. 

2 

7,9 

79 

Coneflower 

Rudbeckia sp. 

7 


7 

Coprosma, broad-leaved Coprosma australis (C, grandifolia) 

4 


Cornflower 

Centawea cyanus 

2 

9 

9 

Cudweed, purple 

Gnaphalium purpureum 

4,6 



Currant, flowering 

Ribes gluHnosa 

6 



Daisy, native 

Lagenophora pumila 

6 



Dandelion 

Taraxacum officinale 

7,8 

7,9 

7,8.9 

Delphinium 

Delphinium sp. 

2 

9 

9 

i>ock, broad-leaved 

Rumex ohtusifolius 


4* 


Earina 

Earina mucronata 

4 



Eptlobium 

Epilobium sp. 

7 

7 

7 

Evening primrosei 

Oenothera sp, 


6 


Evonymus (spitidle tree) Evonymus japonica 

1 



FAlse-acacia 

Romnta pseudacema 

37 


3.7 
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Common Name. 

Botanical Name. 

Nectar Pollen Worked 
Flowers. Flowers, by Bees. 

Fathen 

Ckenopodium album 


+ 


Fireweed, Australian 

Erechtites aikinsoniae 

6 



Fivefinger 

Nothopanax afboreum 

4 



Flax, Australian 

Linum matgtnale 

1 



Fleabane 

Erigeron cfispus 

6.7 


7 

Foxglove 

Digitalis purpurea 

6 



Fuchsia, native 

Fuchsia excorticata 

ri,8 


8 

<;eranium, scarlet 

Pelargonium hortorum 


9 

9 

Gerbera 

Gerbera sp. 

6 



<»eum 

Geum sp. 

1.7 

7 

7 

Japanese cudweed 

Gnaphalium japonicum 

6 



Gooseberry 

Pibes grossularia 

7 

7 

7 

Grape 

\ 'itis vinifera 

7 

7 

7 

Groundsel 

Senecio vulgaris 

6 



Hangehange 

Geniostoma ligustrifolium 




Hawkbit 

Leontodon hispidus 

7 

7 

7 

Heath 

Erica sp. 

7.8 

9 

7,8.9 

Hinau 

Elaeocatpus dentaius 

5 



Hollyhock 

Althaea officinalis 

7 

7,9 

7,9 

Honeysuckle 

Lonicera sp. 

7 

9 

7,9 

Honeysuckle 

Lome era nttida 

7 

9 

7.9 

Hydrocotyle, native 

Hydrocotyle novae-zealandiae 

6 



Ice plant 

Mesembryanthemum sp. 

7 

7 

7 

Inkweed 

Phytolacca oefandra 


? 


Ivy 

Hedera helix 

7 

7.9 

7.9 

Jasmin 

Jasmin um sp. 

6 



Jasmin, native 

Parsonsia heterophylla 

3 



Jasmin, smalMiowered 





native 

P. capsularis 

3 



Kahakaha 

Collospermum hastatum 





{==■ Asielia solandri) 


5 


Kamahi 

Weinmamtia racemosa 

4.8 


8 

Kanuka, teatree 

Leptospeftnum ericoides 

3 


- 1 - 

Karamu 

Coprosma robusta 


4 


Kiekie 

Freycinetia banksii 




Koromiko 

Hebe salicifolia 

6,8 


8 

i-avender 

Lavandula sp. 

7 


7 

Lilac 

Syringa vulgaris 

6,7 

9 

6.7.9 

Lily 

Lilium sp. 


7.9 

9 

Lin aria 

Linarta sp. 

1.7 


7 

Lotus 

Lotus angustissimus 

6 

9 

9 

Lotus 

L. corniculatus 

1 

9 

9 

Lotus 

L, htspidus 

6 

9 

9 

Lotus major 

L. uliginosus 

6,8 

9 

8.9 

Lucerne 

Medicago saliva 

3 


3 

Lupin, blue 

Lupinus angustifohus 


7,9 

7.9 

Lupin, tree 

L. arboreus 


7.9 

7,9 

Mahoe (whitey wood) 

Melicyius ramiflorus 

4 



Makomako (winel>erry) 

Aristotelia serrata 


4,5 


Malva 

Modiola Carolinian a 

7 

7,9 

7,9 

Manuka 

Leptospermum scoparium 

3,8 


8 

Mapou (matipou) 

Suttonia australis 


4 


Marigold 

Tagetes sp. 

6 



Mayweed, rayless 

Matricaria discoidea 

6 



Milkweed 

Euphorbia peplus 

1.7 

7 

7 

Mingimingi 

Leucopogon fasciculatus 




Muehlenbeckia 

Muehlenbeckia australis 




Mullein 

Verbascum sp. 

7 

7 

7 

Nemesia 

Nemesia sp. 




Nettle 

Urtica incisa 


"f- 


Night.^ade, black 

Solanum nigrum 


■f 


Niniwa 

GauUheria oppositifolia 

+ 



Onion 

Allium sp. 

7 


7 

Oxalis 

Oxalis comkulata 

1 



Oxalis 

0. stricta 

1 



Oxeye daisy 

Chrysanthemum leucanlhemum 

7 


7 
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Common Name. 

f>ansy 
Parsnip 
Pate (patete) 

Patotara 

Pea 

Peach 

Pear 

Pearl wort, prostrate 

Pennyroyal 

I»entstemon 

Petunia 

Phlox 

Pigeonwood 
l^mpemel, scarlet 
Ptripiri (bidibid) 
Piripiri, Australian 
Plantain, greater 
Plantain, narrow-leaved 
Pohuehue 
Polygala 

Poplar , 

Poppy, field 

Poppy, Iceland 

Poppy, opium 

Poppy, oriental 

Poroporo 

Potato 

Pratia 

Pukatea 

Purpletop 

Ragwort 

Kangiora 

Kata 

Rauraki, sow-thistle 
Hewarewa 
R!hododendron 
Rose, briar (dog) 

Rose, climbing 

Rose, sweet briar 

Rose, tea 

Rosemary 

SalpiglosHus 

Salvia 

Satureia 

Scarlet pimpernel 
Sedum 
Self-heal 
Snowben*)' 

Sorrel, ^eep 
Sow-thistle 
Speedwell, field 
Spiraea 

Strathmore weed 
Strawberry, wild 
Supplejack 
Sumac (poison ivy) 
Sweet William 
Tarweed 
Tauhinu 
I'awa 

Thistle, Californian 
Thistle. Scotch (spear) 
Thrift 
Titi^i 

Trefoil, haresfoot 
Trefoil, hop 
Thmip, wild 


Botanical Name. 

Viola tricolor 
PasHnaca saliva 
Schefflera digitata 
Leucopogon fraseri ' 
Pisum sativum 
Prunus persica 
Pyrus communis 
Sagina procumhens 
Mentha pulegium 
Pentstemon spp. 

Petunia sp. 

Phlox sp. 

Hedycarya arborea 
AnagalHs arvensis 
Acaena sanguisorbae 
A . ovina 
Plantago major 
P, lanceolata 
Muehlenheckia complex a 
Polygala sp 
Populus ntgra 
Papaver rhoeas 
P, nudicaule 
P. somniferum 
P, orientale 
Solanum aviculare 

S. tuberosum 
Pratia angulata 
Laurelia novae-zealandiae 
Verbena bonariensis 

Senecio j acobaea 
Brachyglottis repanda 
Metrosideros diffusa 
Sonchus oleraceus 
Knightia excelsa 
Rhododendron sp. 

Rosa canina 
R. multiflora 
R. eglanteria 
R, indica 

Rosmarinus officinahs 
Salpiglossus sp. 

Salvia sp. 

Saturcja vulgaris 
Anagallis arvensis 
Sedum sp. 

Prunella vulgaris 
Gaultheria emtipoda 
Rumex acetosella 
Sonchus asper 
Veronica arvensis 
Spiraea np, 

Pimeha ^ostrata 
Fragaria vesca 
Rh^ogonum scandens 
Rhus sp. 

Dianihus barbatus 
Odontites viscasa 
Pomaderris fhyUcaefoHa 
Beilschmiedta tawa 
Cirsium arvense 
C. tancoiatum 
Armeria sp. 

Aleciryon excelsum 
Trifolitm arvense 

T. campestre 
Brassica campestris 


Nectar Pollen Worked 
Flowers. Flowers, by Bees. 

1 9 9 


4 

4 

6 

7 

7 

1 

7,8 

6,7 

6 


6 

4 

“h 

2 

7.9 
4 “ 

6.9 

7.9 


9 

4 

4 - 


7 

7 

7,8 

7 


7,9 


7,9 

7 

7 

7,9 


6.7 
6 

3 

4 " 

7 

3.8 
6 


7 

6 

6 

6 

4 

6 

1.7 

7 

4 

7 

7 

6 


9 

6 


9 

7 


7 

7,9 


7,9 

7 


7 

7 
6 

8 
6 
6 
7 


7 

7,9 


7 

8 o 
7 A 
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Common Name. 

Tutu 
Viburnum 
Guelder rose 
Viper's bugloss 
Virginia creeper 
Viscaria 
Wallflower 
Walnut 
Wattle 

Willow, pussy 

Wireweed 

Yarrow 


llotanical Name. 

Coriaria arborea 
Viburnum sp. 

V. opulus 
Echium sp. 

Parthenocissus qutnquefolia 
Lychnis sp. 

Cheiranthus rheiri 
Juglans sp. 

Acacia longifolia 
Salix caprea 
Polygonum aviculare 
Achillea millefolium 
Hypericum japonicum 
Stellaria parvifiora 


Nectar Pollen Worked 
Flowers. Flowers by Bees, 


4 

7,9 7,9 

6 

7,8 7,8 

111 
1 7 

6 

7,9 9 

7 7.9 7,9 

+ 

7 7 

7 7 
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THE AMMONIA AND NITRATE CONTENT OF GLASSHOUSE 
TOMATO SOIL UNDER DIFFERENT TRE.\TMENTS 

By E. B. Kidson and D. J. Stanton, ('awthmn Institute. Nelson 
(Hfcfived for publication , Sflth September, I94S) 

Summary 

The effect of .sterilization with steam, chloropicni), D-IJ> and gammexane 
on the ammonia and nitrate content of the soil was examined I'hese 
methods of sterilization differed in their effect on nitrification in the soil. 

All methods of sterilization brought alH>ut increases in yield and growth. 
Gammexane at the rate used was the least eflfet'tive. Differences in available 
nitrogen between sterilized and unsterilized plots did not seem to be sufficient 
to account for the differences in yield and growth. High ammonia nitrogen 
present in the early .stages of plant growth in certain sterilized plots did not 
appear to affect the yield of fruit. Heavy dres.sings of cocoa husks increased 
growth and yield on unsterilized soil and increased the inorganic nitrogen level 
of the soil. 

Introduction 

In studying the effect of soil sterilization on the growth of tomato plants 
and on the srield and quality of the fruit, determina^tions were made of the 
nitrogen present in the soil as ammonia and nitrate in certain glasshouse 
plots at different times during the grpwing season. Information was 
obtained on changes taking place in the available nitrogen content of the 
soil with different methods of sterilization and with certain modification 
of the standard fertilizer treatment. 
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Results are given in Tables I and II for six plots with different treat- 
ments in Glasshouse A sampled at intervals from August to December, 
and Table III gives figures for a number of plots in Glasshouse B where 
four methods of soil-sterilization were being compared. 

Treatments in Glasshouse A 
The standard fertilizer treatment consisted of : — 

(a) the applications of 4 oz. superphosphate and 2 oz. sulphate of 
potash per sq. yd. at the time of digging during the winter. 

(b) the use prior to planting of a mixture supplying 2 oz. superphosphate 
1 oz. sulphate of potash, f oz. dried blood and } oz. sulphate of 
ammonia per sq. yd. 

Half this quantity was broadcast and forked in over the whole plot, and 
the other half was raked in along the trenches. The fertilizer was 
applied on 8th August and the plants were set out in the trenches on 
21st August. A top-dressing of the fertilizer mixture at the previous 
rate, i.e., 4J oz. per sq. yd., calculated on the total area of the plot, 
was applied along the rows on 5th November. 

Where cocoa husks were used, they were spread over the whole plot 
and dug into the top 6-8 in. after sterilization. 

Steam sterilization was carried out to a depth of 12-14 in. The 
steam w^as applied at approximately 100 lb. pressure for about 5 minutes, 
i.e., until it came freely through to the surface. The date of steaming 
was 9th June. Chloropicrin was applied on 13th June. It was 
injected into the soil at a depth of 6 in. at the rate of approximately 
6 ml. per sq. ft. 

The experimental plots were treated as follows : — 

Plot A6 Steam-sterilized, standard fertilizer. 

Plot A8 Steam-sterilized, standard fertilizer except that the nitrogen 
was supplied as dried blood, cocoa husks (1947), 10 tons dry matter 
per acre. 

Plot A12 Chloropicrin -sterilized, standard fertilizer, cocoa husks 
(1947), 10 tons diy matter per acre. 

Plot A19 Unsterilized, standard fertilizer, cocoa husks (1946 and 1947), 
10 tons dry matter per acre each year. 

Plot A20 Unsterilized, standard fertilizer. 

Plot A22 Steam-sterilized, standard fertilizer, cocoa husks (1947), 
10 tons dry matter per acre. 

The soil in this glasshouse and in glasshouse B had a pH of approxi- 
mately 7 throughout. 

Sampling of the Plots 

Soil samples were taken with a half-inch soil borer in the trenches 
between the plants as near the line of the row as possible and each sample 
consisted of 12 to 15 cores to a depth of 9 in. Except where specified 
the time of sampling was between 8.90 a.m. and 10 a.m. and the nitrogen 
determinations were carried out the same day. 

It may be i^inted out that under glasshouse conditions it is more 
difficult to obtain an even distribution of applied nitrogen than in plot 
experiments. For this reason small differences in ammonia and hitrate 
content between samples may have little significance. In considering 
the ratio of amtimnia nitrogen to nitrate nitrogen in the sofl, the pbia- 
{^ity that flie plant may absorb one form of 'nitrogen more rapidly 
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'I'abi.k 1. Glasshouse A. Season 1947-48 
Ammonia and Nitrate Nitrogen in Glasshouse Tomato Plots in p p.m. of dry soil 



19 

1 

15 

30 

13 

28 

3 


17 

Plot Nos. 

Aug. 

Sep. 

Sep. 

Sep. 

Oct. 

Oct. 

Nov. 


Nov. 

Plot A6. Steam-sterilized 










Ammonia nitrogen 

89 

95 

46 

25 

7 

.5 

7 


57 

Nitrate 

Ammonia and nitrate 

7 

31 

.52 

51 

51 

39 

32 


22 

nitrogen 

Yield of fruit = 7.111) 

96 

126 

98 

76 

58 

44 

.39 

X 

P; 

W 

s: 

79 

Plot A8. Steam-sterilized, 









Organic nitrogen, co- 
coa husks 1947 








x 


Ammonia nitrogen 

41 

85 

26 

16 

4 

25 

9 

tc 

37 

Nitrate 

Ammonia and Nitiate 

7 

43 

88 

64 

60 

69 

42 

54 

Q 

nitrogen 

48 

128 

114 

80 

64 

124 

51 

91 

Yield of fruit 6.7 Ih 








A 


Plot A20. Pnsterilized 










Ammonia nitrogen 

63 

28 

8 

8 

1 

2 

2 

21 

Nitrate 

22 

86 

no 

73 

38 

90 

52 


74 

Ammonia and nitrate 










nitrogen 

Yield of fruit = 3.8 lb. 

85 

114 

118 

81 

39 

92 

54 


*. 


21 

3 

17 

1 

la 

30 

0 

! 

18 


Aug 

Sep. 

Sep ; 

Oct 

Oct 

Oct. 

Nov. 

[ 

Nov. 

Plot A 12 Chloropicrin, 


! 

1 




. 

r~' 


cocoa husks 1947 
Ammonia nitrogen 

119 

122 

99 1 

97 

: 8s 

45 

' 1 

i 41 

1 

78 

Nitrate 

Ammonia and niti.'\tc 

2 

4 1 

6 1 

8 

! 

31 

i 32 

1 


52 

nitrogen 

Yield of fruit = 7.5 lb 

121 

126 

105 ! 

1 

105 

9« 

1 

76 

! 

X 

> 

130 : 

Plot A 19. l>nsterilizc<l, 





i ■ • 

i 

1 

j 

_____ 

cocoa husks 1946 and 


I 








1947 







! 



Ammonia nitrogen 

54 

13 

13 

6 

5 

2 

4 

! 1 

28 

Nitrate 

54 

115 1 

133 

92 

112 

109 

101 


89 

Ammonia and nitrate 








i a 


nitrogen 

108 

128 

146 

98 

117 

111 

105 

1 

117 

Yield of fruit = 5.5 lb. 





I 



i y: 
i X 


PlotA 22. Steam sterilized, 








i ^ 

0 


cocoa husks 1947 








x 

i 

Ammonia n itrogen 

81 

54 

19 

11 

8 

10 j 

8 i 


55 ! 

Nitrate 

Ammonia and nitrate 

14 

55 1 

1 

68 

53 1 

51 

44 

35 


47 j 

1 

nitrogen 

Yield of fruit = 7.7 lb. 

95 

109 

87 

64 

59 

54 

43 


102 1 


Note : Yields expressed as average per plant for the whole season. 


1 

Dec 


7 

27 

84 


12 

81 


93 


3 


59 

2 

Dec. 


.39 

55 


94 


8 

111 

119 


16 

54 


70 


than another must be borne in mind. However, from the results in 
Table I certain general conclusions may be drawn. 

1. The applied nitrogen was converted rapidly into nitrates in 
the unsterilized soil, so that by the middle of ^ptember most of the 
available nitrogen in Plots A19 and A20 was in the nitrate form. 

2. Steam delayed the nitrifying process as may be seen from the 
ammonia figures for 1st September. 
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3. Chloropicrin at the rate used in Plot 12, i.e., 6 ml. per sq. ft. 
was more effective than steam in delaying nitrification. By early 
November when the top-dressing was applied, there was still more 
nitrogen present as ammonia than as nitrate in this plot. 

4. Dried blood applied to steam-sterilized soil rapidly gave rise 
to ammonia (Plot 8), showing that organisms capable of bringing about 
the decomposition of organic nitrogen compounds to the ammonia stage 
were active when the fertilizer was applied. 

5. Even after the nitrifying power of the soil appeared to be com- 
pletely restored, the nitrogen of the top-dressing (applied on 5th Novem- 
ber) was changed to nitrate more slowly where the soil had previously 
been sterilized than on unsterilized plots. Thus on 17th November, the 
sterilized plots gave ammonia figures from 37 to 78, averaging 57 p.p.m. 
of nitrogen while the amounts found in the unsterilized plots were 21 and 
28 p.p.m. 

6. From a consideration of the figures for total ammonia plus 
nitrate nitrogen, it seems improbable that the increase in available 
nitrogen which results from soil-sterilization provides an adequate 
explanation of the large increases in yield obtained where steam or 
chloropicrin hid been used. In the unsterilized plot A20 where the 
yield averaged only 3.81b. per plant compared with 7.1 lb. for a steamed 
plot with the same fertilizer treatment (A6), the soil in the trenches 
was well supplied with available nitrogen throughout the period of the 
experiment. The most consistently high level of available nitrogen 
was found in the unsterilized plot A19 where cocoa husks at the rate 
of 20 tons per acre in two years and equivalent to approximately 600 lb. 
of nitrogen (N) per acre each year had been applied. This plot gave 
a yield of 5.5 lb. per plant compared with 3.8 lb. for the unsterilized 
plot without husks (A20); but the improvement in both growth and yield 
was not as great as that produced by steam sterilization (A6). Cocoa 
husks are a rich sour?;e not only of nitrogen but of other plant foods. 
The beneficial effect of soil-sterilization seems to be due more to the 
destruction of root diseases and the consequent stimulation of fine 
root growth than to any other factor in the Nelson tomato soils. 

On 17th November the 9 to 15 in. depth in three plots was analysed. 
Table II gives a comparison between the 0-9 in. and 9-15 in. depths 
at this time. 


Table 11. Ammonia and Nitrate Nitrogen Contents of the 
0-9 IN. AND 9-15 IN. Depths of Soil 


Depth. 

1 

Aminoniuin N p.p.m. 

Nitrate N p.p n\. 

Plot A6 

Plot A8. 

Plot A2(). i 

Plot AS. ! 

Plot \ 8 , 1 Plot A2(> 

0 - 9 in ! 

57 

37 

21 

22 

54 1 74 

9 - 15 in. 

14 

13 

1 

9 J 


9 


It appears that on this type of soil under the fertilizer system used, 
the concentration of ammonia and nitrate nitrogen in the soil below 
the top nine inches is small. 

Treatments in Glasshouse B 

All plots tested for available nitrogen in Glasshouse B had 
given the standard fertilizer treatment. With the exception of plots 
B3 and B$ they had received 10 tons per acre of cocoa husks on the dry 
matter basis in 1946 and 10 tons in 1947. Plot B3 had no husks in 1946 
and a heavy dressing of 30 tons per acre in 1947, Plot B5 had no husks 
,in 1946 and iO tons per acre in 1947. 



191 


1948) Kidson and Stanton— The Ammonia and Nitrate 
Content of Glasshouse Tomato Soil Under 
Different Treatments 

Sterilization 

Steam : 

Steaming was caiTied out as in Glasshouse A, The date of steam 
treatment was 6th June. 

D-D : 

D-D was injected into the soil at a depth of 6 in. at the rat(^ of o ml 
per sq. ft. on 18th June. 

Chloropicrin : 

Chloropicrin was injected into the soil at a depth of 6 in. at the rate 
ot 4 ml per sq, ft. on 16th June. 

Gammexane : 

Gammexanc was used at the rate of 10 lb. per acre containing 10 to 
12 per cent, active agent. Half the quantity was dug into a 6 in. depth, 
a quarter broadcast and forked and a quarter left broadcast on the 
surface. It was a])pUed on 16th June. 

Tabi.k 111. (Glasshouse B. Season 1947-48 
Eifect of Different Methods of Sterilization on the Formation of Nitrate in the S<»il 
Results expressed as nitrogen in p.p.ni of the clr\ soil 



Plot 

Plot 

Plot 

Plot 

Plot ! 

Plot , 

Plot 


B2 

B3 

B4 

BS 

B6 

B7 

B8 


ST 

r 30H 

D-D j 

CL 

1 

c;a ! 

S'l 

Samim.ed 13th October* 


' 

) 


! 



.Vmmonia nitrogen 



83 ; 

15 


2 

6 

Nitrat e nitrogen ... 
Ammonia and nitrate nitro- 



13 : 

75 


sT 

89 

gen 



96 i 

90 


S3 

9S 

SAMHEpZlst (.)CTOBER 



1 



. 


.\mmonia nitiogeii 


17 

1 

1 


•) 

2 


Nitrate 

Ammonia and nitrate nitro- 


149 

! 

1 

73 


73 


gen 


166 

1 

107 

63 

7S 



TOP 

DRESS 

KD 4th| 

NOVK 

.MBKR , 



Sampled 3rd and 4th 


i 

1 





December 
.A mmonia Nitrogen 

i 

i 13 

23 

i 

40 ; 

28 i 

9 

17 

10 

Nitrate j 

.Ammonia and nitrate nitro- 

I 

1 

i 119 

i ' 

S7 ; 

i 

63 ! 

1 

62 

77 

77 

gen 1 

i 7« 

; 142 

j . , ' 

97 ; 

91 1 

71 

94 

87 

Sampled 16th and 17th 

1 

\ 

i 

1 

■ ■ 1 

1 




December 
.A mmonia nitrogen 

1 n 

1 

10 i 

20 ; 

1 

15 1 

6 

4 


Nitrate 

.Ammonia and nitrate nitro- 

! 40 

i : 

m 

1 

so 1 

1 j 

52 

39 

34 


gen 

SI 1 

103 

70 ! 

67 i 

1 

4S 

38 


Average yield of fruit in 


- -j 


1 

i 

i 

i 


lb. per plant 

8.S 

! 7,1 1 

1 1 

7.4 

8.3 1 

4.9 

6.S 

7 7 

ST ==* Steam 




30 tons cfH'oa 

husks 

T an 


CL =» Chloropicrin (GA ~ Gammexane 

V ~ Unsterilized 

* Samples on 13th October were taken in the late afternoon and analyses 
carried out next morning. 



192 The N.Z. Journal of Science and Technology (Oct. 

The results show that the effect on the nitrifying power of the soil 
was most noticeable with D-D. Nitrification was less retarded with 
chloropicrin and least with steam and gammexane. Observation 
showed that where sterilizing agents retarded the change from ammonia 
to nitrate so that the main supply of inorganic nitrogen to the plant 
was in the form of ammonia for a long period, the plants tended to be 
less vigorous than on other sterilized plots. Thus the slowest-growing 
plants on sterilized soil during October and November were found with 
D-D (plot 4) in glasshouse B and with chloropicrin (plot 12) in glass- 
house A. The final yield of fruit, however, was not adversely affected. 
Whether the tomato plants grew more vigorously with nitrate than 
with ammonia or whether the retarded growth in plots B4 and A12 was 
due to toxic re.sidues left in the soil after sterilization with chloropicrin 
or D-D has not been determined. It was noticed that a garlic-like 
odour was given off from plot B4 when sterilized by steam a year after 
the D-D treatment. 

Under the conditions of the experiment, steam and chloropicrin 
were the most effective and gammexane the least effective sterilizing 
agents in increasing fruit production (Table II). As in glasshouse A, 
an improvement in growth and yield was associated with the use of cocoa 
husks on unsterilized soil. Plot B3 where 30 tons of husks had been 
applied in the 1947-48 season, instead of the standard 10 tons, gave a 
yield of 7.1 lb. per plant compared with 4.9 lb. for the unsterilized 
plot on the standard treatment, and plant growth was more vigorous. 
The highest figures for available nitrogen were for this plot, but the effect 
of the heavy dre.ssing of cocoa husks on growth and yield was not as 
marked as that produced by sterilization with steam or chloropicrin. 
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THE EFFECT OF STEAM AND CHLOROPICRIN TREAT- 
MENT ON THE AMMONIA AND NITRATE NITROGEN 
CONTENT OF A NELSON TOMATO SOIL 

. By l{. B. Kidson, Cawthron Institute, Nelson 

( AV< fwed for publication, 29tk September, 1U4H) 

Summary 

As part of an investigation into the effect of .soil-sterihwrtion on the 
growth and yield of tomato plants, pot experiments were carried out over a 
iwriod of seven months to determine the effect of chloropicrin and steam 
treatments on the ammonia and nitrate content of a Nelson tomato soil, with 
and without fertilizer. 11 w^as found that steam sterilization was more effective 
than the chloropicrin treatment in raising the level of «nvailable nitrogen in the 
soil. Chloropicrin at the rate useil (4 ml. to 26 lb. of soil) w^as showm to delay 
nitrification some two months longer than .steam. 

Following tm the work carried out by Russell and others at the Kotham- 
sted Ex]K;rimental Station (1), the use of .steam for the partial steriliza- 
tion of tomato soils was introduced in the Nelson di.strict some 20 years 
ago, and has now become a standard glasshouse practice, repeated tests 
at the Cawthron Institute having shown the considerable increase in 
growth and yield associated witli steam sterilization. 

In recent years chloropicrin has been used with great succe.ss in the 
U.S.A. for the sterilization of intensely-cropped soils. Experiments 
to determine the effectiveness of chloropicrin-treatment of the .soil in 
Nelson tomato houses have given satisfactoiy^ results, comparable to 
those obtained witli steam. The use of chloropicrin has resulted in a 
great improvement in growth and an increase of about 3 lb. per plant 
in yield. 

The exact role of steam and chloropicrin in causing such a marked 
increase in growth and yield is not known. The elimination of soil- 
home diseases must j)lay an important part. Chemical and physical 
changes brought about by the action of the sterilizing agent and by the 
alteration in the soil population after .sterilization have not yet been 
fully elucidated. Russell and many later workers (1 ) have demonstrated 
that sterilization has an important effect on the nitrogen supply of the 
plant. Partial sterilizarion of the soil with steam and certain chemicals 
is followed by a rise in ammonia nitrogen in the soil. Nitrification 
however is inhibited for a period the length of which depends on the 
sterilizing agent. During this period ammonia formed in the soil or 
added as fertilizer remains as ammonia and is not changed to nitrate 
as in unsterilized soils. 
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It was considered that information of the amount of nitrogen present 
as ammonia and nitrate in Nelson tomato soil under different methods 
of treatment would be of value in a study of the effect of soil sterilization 
on the yidd and growth of tomato plants. The present paper gives 
an account of pot experiments to determine the effect of steam-sterUiza- 
tion and chloropicrin-treatment on the ammonia and nitrate nitrogen 
in a soil of the type on which most of the Nelson tomato houses are 
located. The soil is characterized by a fairly heavy texture, a pH of 
about 7 and a high content of exchangeable calcium and magnesium. 
The phosphate and potassium tend to be low though fertilizer treatment 
has raised the phosphate content to a high figure in places. In most 
parts the soil is low in organic matter. The sample of soil u.sed for the 
pot experiments contained 17.3 m.e. per cent, of calcium, 7.6 m.e. 
per cent, of magnesium and less than 0.1 m.e. per cent, of potassium. 
The pH was 7.1 and the organic carbon and nitrogen were 1.65 and 
0.17 per cent, respectively. The amount of PgOj soluble in 1 per cent, 
citric acid was 0.14 per cent. 

Experimental 

Glazed earthenware pots holding alxiut 26 lb. of soil were used for 
the experiment. They were divided into two series, (a) without fertilizer 
and (b) with added^ fertilizer. Both series contained four pots of un- 
sterilized soil, four of steam-sterilized soil and four of cliloropicrin- 
treated soil. The steamed soil was sterilized in bulk in the usual way 
on 6th June, 1947. Where chloropicrin was used it wtis applied in each 
plot to a depth qf 6 in. at the fate of 4 ml. per plot of 26 lb. of soil. The 
chloropicrin treatment was carried put on 13th June and the pots were 
then left covered for several days. 

In the fertilizer series the fertilizer was thoroughly mixed with the 
soil. The date of application was 13th June, (before thf' chloropicrin 
treatment) and the rate was 2 oz, per j>ot of a mixture containing .super- 
phosphate eight parts, sulphate of potash four parts, sulphate of ammonia 
one part and dried blood one part, supplying approximately 1 15 p.p.m. 
of nitrogen. 

Late in June all pots were brought to a moisture cont(mt of 61) per 
cent, saturation and the soil mixed. Water was given )x»riodically 
throughout the experiment to maintain a weight equivalent to 60 per 
cent, saturation, tap water being used throughout. The pots were kept 
free of weeds. 

Sampling of the 0-6 in. depth for the estimation of ammonia and 
nitrate nitrogen was commenced about a month after the application of 
the fertilizer and continued at intervals until the middle of January. 
The samples were all taken between 8.30 a.m. amd 9.30 a.m. and the 
analyses carried out immediately. Three cores were taken from each 
pot to a depth of 6 in. with a cylindrical soil borer, which was a half 
inch in diameter. The soil not used for analysis was replaced in the pots. 

Methods of Analysis 

The nitrate nitrogen was estimated by the phenol disulphcmic acid 
method and the ammonia by extraction with neutral 10 per cent. KCl 
and distillation with magnesia. 

Results 

The results obtained are given in Table I and are shown diagram- 
metically in Figs. 1, 2 and 3. 



Table I. Effect of Steam and Chloropicrin Sterilization on the Ammonia and Nitrate Nitrogen Content 

OF A Nelson Soil With and Without Fertilizer 
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ITnsterilized : fi2 ' 67 H2 -94 HI ! 74 i 60 ' 64 ‘ 61 i 59 I 58 1 55 

Steam -sterilized 7 ! 10 16 i 80 1 95 80 79 ; 87 j 74 j 65 ' 67 j 64 62 

ChloTopicrin-sterilizwl ’ 9 8 ; 7 7 ' 5 [ 9 j 48 62 61 i 61 ’ 71 ' 69 
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2>ay- 

Fig. 1 


. No Fertiuzek Series 

Ammonia Nitrogen. 

In the unsterilized soil the ammonia nitrogen remained very low 
throughout the experiment, never exceeding 5 p.p.m. Steam treat- 
ment caused a slight rise to 18 p.p.m. in July, followed by a drop to 
figures comparable with those of the unsterilized soil. Chloropicrin 
treatment produced a similar rise, the increased ammonia content being 
maintained some two months longer. 

Nitrate Nitrogen. 

Steaming brought about an appreciable increase in the nitrate nitro- 
gen content over that of the unsterilized soil, presumably owing to 
increase in bacteriid activity. Thus on 8th September, the unsterilized 
soil contained 8 •p.p.m. and the steam-steriliz^ soil 29 p.p.m. and on 
11th November the correspopding figures were 15 p.p.m. and 44 p.p.m. 
A similar but smaller effect was produced in the chlorojucrin-treated 
soil, ddayed about two mohtiis owing to the, dow re-establishment of 
nitrification with the cMoropicriii treatment.. The maximum nitrate 
nitr^en figures mached in the unsterilized, st^am-sterilized and chloro- 
picrin-treated soils were 15 p.p.m., 44 p.p.m. and 28 p.p.m. respectively. 
Fco- an treatments a rise in nitrate occuned in the October-November 
p^od, followed by a riight drop in December. 
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Total Nitrate and Ammonia Nitrogen. 

The effect of steam and chloropicrin in raising the level of ammonia 
j)lus nitrate in the soil can be clearly seen in the no-fertilizer series in 
Fig. 3. The increase brought about by both these methods was apparent 
from the time of the first sampling on 10th July, i.e. 34 days after steam- 
ing and 27 days after the application of chloropicrin. The chloropicrin 
treatment was less effective in this respect than the steaming. Through- 
out the experiment available nitrogen formed as a result of the chloro- 
picrin treatment was about half that produced by the steam sterilization. 
Some of this increase may be due to the decomp(3sition of chloropicrin 
residues in the soil. The amount applied contained nitrogen equivalent 
to about 50 p.p.m. but con.sidering the volatility of chloropicrin, it is 
expected that mo.st of this 50 p.p.m. was lost by evaporation. 

C irtrt 
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Fig. 3 

Fertilizer Series 

The fertilizer used supplied nitrogen equivalent to appro.Yimately 
1 15 p.p.m., 70 p.p.m. in the form of sulphate of ammonia and 45 p.p.m. 
as dried blood. 

Ammonia Nitrogen. 

The fertilizer was applied on 13th June and by 14th July, at the 
time of tlie hist sampling, nitrification was almost complete in the 
unsteiilized p>ots. Only 25 p.p.m. of ammonia nitrogen was found, 
and this dropped rapi^y to a very low figure. For the steamed pots 
the first figures were high (91 and 93 p.p.m.) but in six to seven weeks 
from the date of the application of the fertilizer, a rapid decrease had 
begun, and the ammonia nitrogen dropped to,' and remained at that of 
the unsterilized pots. Allowance being made for the seven days between 
the steam and chloropicrin treatments, it will be seen that the chloro- 
picrin delayed nitrification considerably longer, a result in agreement 
with that obtained with the unfertilized soil. Thus the ammonia nitro- 
gen fell to less than 10 p.p.m. in about 40 days after the fertilizer ap- 
plication where no sterilization was given, in 80 to 90 days with steam- 
sterilization and in 180 days with the cMoropicrin treatment. It was 
noticeable that even when the normal nitrifying power of the soil ap- 
peared to be restored, nitrification was slower in the cbloropicrin-treated 
soil than the steamed soil. There are some indications also that chloro- 
picrin may have slowed down -the production of ammonia from the 
dried Idood. The initial ammonia nitn^en figure on 14th Jtdy was 
66 p.p.m. which showed a dow rise to p.p.m. over the next 58 days, 
presumably owing to the formation of ammemia from dried Uood. 
However, the sterilization of the fertilizer with the soil in the chloro- 
picrin treatment may have had some effect dh the qpieed of ^Composition 
dried Mood in the eariy stages. 
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Nitrate Nitrogen. 

By 14th July the unsterilized soil had a nitrate nitrogen content of 
62 p.p.m. which rose to a maximum about the beginning of September. 
In the steam- and chloropicrin -sterilized soils the nitrate nitrogen content 
at the first sampling was 7 and 9 p.p.m. respectively, but with the steam- 
treatment analyses showed a rapid formation of nitrate commencing 
about 20 days later, and corresponding to the fall in ammonia content. 
In the chloropicrin-treated pots the formation of nitrate from the am- 
monia of the fertilizer was delayed approximately a further 50 days and 
was slower than where steam had been used. 

Total Nitrate and Ammonia Nitrogen. 

For the fertilizer series (Fig. 3) the steamed soil had a higher content 
of available nitrogen throughout the experiment than did the unsteri- 
lized soil. In the chloropicrin-treated soil the available nitrogen did not 
rise above that of the unsterilized soil until late September, after which 
steam and chloropicrin gave almost identical values. It is of interest 
to note that in the fertilizer series the nitrogen present as nitrate and 
ammonia did not at any time reach 115 p.p.m., the amount actually 
supplied by the fertilizer. Also in both sterilized and unsterilized pots 
of this series there was a slow decrease after the middle of September. 
Analysis showed that this decrease could not be explained by leaching 
of nitrate into the soil below the usual sampling depth. It is presumed 
to be due to the removal of available nitrogen by algae and other micro- 
organisms. 


C ONCLUSION 

It appears that chloropicrin at the rate used, (somewhat higher than 
the local commercial rate) is not as effective as steam in raising the level 
of easily available nitrogen in the soil. Thus, in the unfertilized soil, 
steam-sterilization brought about an increase of some 20 p.p.m. of 
nitrogen and chloropicrin-treatment approximately 10 p.p.m., some of 
which may have been due to the decomposition of chloropicrin residues 
in the soil. 

The nitrifying power of the soil was more affected by the chloro- 
picrin-treatment than by the steam-sterilization. WTiere chloropicrin 
had been used, ammonia formed in the soil as a result of sterilization 
began to change to nitrate about two months later than in steamed 
soU. A similar effect was observed in the nitrification of the ammonia 
from applied nitrogenous fertilizers. It is to be expected that different 
results would be obtained with different quantities of chloropicrin. 
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CHEMICAL CONTROL OF OXYCANUS CERVINATVS 

WALKER 

IV. EXPERIMENTS IN 1947 SEASON 

By L. J. Dumbleton, J. M. Kelsey and J. M. Hoy, Entomology 
Division, Department of Scientific and Industrial Research, Nelson 

(Received for publication^ 31st December ^ 1947) 

Summary 

No equally cheap, efficient and readily available substitute for bran in 
the Paris Green-bran bait has been discovered. Gristed oats gave partial 
control but was more costly and presented problems in mixing and spreading. 

The addition of 2^ lb. of wheat germ to 50 lb. of sawdust or chaff improved 
their attractiveness as carriers. D.D.T. in dosages of 0 .6 lb. of the para para 
isomer per acre gave good control, both as sprays and as dusts. Gammexane 
dusts, at an equivalent dosage of the gamma isomer ])er acre, gave equally 
good control of Oxycanus cervinatus. 

The poisoned bran bait which was developed for the control of sub- 
terranean grass caterpillar in pasture by Dumbleton and Dick (1,2. 3) 
has proved to be effective and reasonably cheap, especially on pastures 
devoted to grass and clover seed production. Supplies of bran are, 
however, always limited and at present are controlled. Farmers have 
been faced with difficulty in securing bran and threatened with pro- 
hibition of the use of bran in jKUson baits for insect control. For this 
reason an experiment designed to test the effectiveness of possible 
alternative materials was laid down in the autumn of 1947, The op- 
portunity was also taken to test out the newer organic insecticides 
applied as dusts and sprays. 

Location, Layout, Treatments and Sampling Method 

The experimental area was a run-out pasture on the Bruce Estate 
at Seafield, near Ashburton. The experiments were laid out as ran- 
domized blocks with three replications of each treatment. The indi- 
vidual plots were | chain by J chain (iV acre). In Experiment 1 there 
were no buffer areas between plots or between blocks. In Experiments 
2 and 3 there were J chain buffer areas between blocks, but none between 
plots. The treatments were applied, in Experiments 1 and 2 on 15th 
March, and in Experiment 3 on 28th March and 2nd April. 

Poison baits were broadcast by hand, dusts were applied with a haml 
dust gun of the plunger type and sprays with a knapsack sprayer. 

The details of the experiments are as follows : — 

Experiment 1, Poison Baits and D,D,T. Spray (Quantities per Acre) 
Treatment No. 1 Paris Green 2 lb. 1 oz.; bran 50 lb. 

2 Wettable D.D.T. (20 per cent, p.p.i.) 2J lb.; 

water 100 gal. 

3 AsjOj, 2 lb. 1 oz.; bran 50 lb. 

4 Paris Green 2 lb. 1 oz.; gristed oats 50 lb. 

5 Paris Green 2 lb. I oz.; sawdust 50 Ib. 

6 Paris Green 2 lb. 1 oz.; sawdust 50 lb.; white 

flour 2 J lb. 
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7 Paris Green 2 lb. 1 oz.; sawdust 50 lb.; 80 per 

cent, flour 2| lb. 

8 Paris Green 2 lb. 1 oz.; sawdust 50 lb.; high 

flour 2J lb. 

9 Paris (ireen 2 lb. I oz.; sawdust 50 lb.; wheat 

germ 21 lb. 

10 l^aris Green 2 lb. 1 oz.; chaff 50 lb. 

11 Paris Green 2 Ib. 1 oz.; chaff 50 lb.; white flour 

2J lb. 

12 Paris (ireen 2 lb. 1 oz.; chaff 50 lb.; 80 per cent. 

flour 21 lb. 

13 Paris (jreen 2 lb. 1 oz.; chaff 50 lb.; high \\ 

flour 2 1 lb. 

14 Paris Green 2 Ib. 1 oz.; chaff 50 lb.; wheat germ 

2.1 lb. 

15 Paris (ireen 2 lb. 1 oz.; coarse gri.sted oats 50 lb 

16 Control. 

Experiment 2, D.D.T. Dusts (Quantities per Acre) - 
Treatment No. 1 Paris (ireen 2 lb. 1 oz.; bran 50 lb. 

2 Control 

3 D.D.T. 2 percent, (p.p.i.) dust at 120 lb. 

4 D.D.T. 2 per cent, (p.p.i.) dust at 60 lb. 

5 D.D.T. 2 per cent, (p.p.i.) dust at 30 lb. 

6 D.D.T, 2 per cent, (p.p.i.) dust at 15 lb. 

Experiment 3, Gammexane Dt^sts (Quantities per Acre) — 

Treatment No. 1 Paris (ireen 2 Ib. I oz.; bran 50 lb. 

2 ('ontrol 

3 (iammexane 4 per cent, dust (0.5 per cent, g.i.) 

120 lb. 

4 (iammexane 4 per cent, dust (0.5 per cent, g.i.) 

60 1b. 

5 (iammexane 4 per cent, dust (0.5 per cent, g.i.) 

30 1b. 

6 (iammexane 4 per cent, dust (0.5 per cent, g.i.) 

151b. 

The plots were sampled in mid-May, two months after treatment. 
Ten samples, each one foot by one foot, were taken at random within each 
plot and the number of living Oxycanus larvae and Odontria zealandica 
larvae were recorded for each sample. Before sampling was commenced 
the plots were graded for vegetation cover separately by two observers. 
An arbitrary visual grading was used, “ 0 ” being the cover on the worst 
of the untreated plots and ** 10 ” being the cover on the best of the plots 
treated with the Paris Green and bran bait (Experiment 1, Treatment 
No. 1). 

Experimental Results 

The data relating to surviving Oxycanus caterpillars which were 
subjected to an analysis of variance reveals that there are significant 
treatment effects. The differences in treatment means required for 
significance are 3.41 on the 5 per cent, level and 4.59 on the 1 per cent 
level. 
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Table I. Experiment 1. Poison Baits and O.D.T. Spray 


1 

No. of living 
Oxycanus cater- 
pillars per sq. ft. 

1 

s 

e 

No. of living 

0. ze tlandica 
larvae per sq. ft. 

i 

Grading of 
Vegetation 
cover after 
treatment. 

1 

1 













i 


Block. 


§ 


Block. 



Block. 


H 

A 

B 

C 

H 

A 

B 

C 

H 

A 

B 

C 

H 

1 

1.2 

1.1 

2.8 

1.66 

11.1 

37.4 

39.6 

29.36 

9 

8 

8 

8 

2 

6.1 

3.1 

2.7 

3.96 

24.3 

44.3 

18.4 

29.0 

8 

8 

10 

8 

3 

11.5 

7.0 

11.5 

10.0 

30.0 

20.0 

19.6 

17.52 

1 

1 

1 

1 

4 

8.1 

6.0 

5.4 

6.50 

8.3 

22.4 

21.7 

17.46 

4 

5 

4 

4 

5 

11.4 

7.2 

12.3 

10.30 

9.7 

15.3 

24.1 

16.36 

1 

1 

0 

0.6 

6 

10.2 

9.1 

8.9 

9.40 

6.3 

20.5 

14.4 

13.73 

2 

1 

1 

1 

7 

13.7 

7.2 

9.9 

10.26 

16.0 

25.1 

34.8 

25.3 

1 

1 

1 

1 

8 

15.8 

10.7 

8.6 

11.70 

3.0 

10.1 

11.0 

8.03 

2 

1 

2 

1 

9 

7.6 

8.3 

4.2 

6.70 

11.3 

10.8 

9.2 

10.43 

4 

3 

8 

5 

10 

14.1 

9.0 

4.8 

9.30 

9.9 

6.0 

27.8 

14.56 

0 

1 

5 

2 

11 

12.0 

7.4 

7.7 

9.03 

1.1 

14.5 

aS5.6 

17.36 

2 

3 

3 

2 

12 

7.5 

4.5 

9.5 

7.16 

2.8 

21.4 

21.0 

15.06 

3 

3 

3 

3 

13 

9.8 

7.1 

5.9 

7.60 

12.9 

37.0 

31.4 

27.10 

2 

4 

4 

3 

14 

4.5 

6.7 

7.6 

6.26 

5.9 

21.2 

41.7 

22.93 

4 

5 

3 

4 

15 

3.9 

3.3 

3.7 

3.30 

9.7 

35.7 

9.4 

18.26 

6 

8 

9 

7 

16 

8.2 

7.3 

7.0 

7.50 

6.0 

j 

25.8 

24.6 

18.80 

0 

3 

0 

1 


On these criteria, Treatments Nos. 2 and 15 are significantly better 
than the control at the 5 per cent, .level and Treatment No. 1 is signi- 
ficantly better at the 1 per cent, level. 

The pasture on which the experiments were situated was infested with 
both Oxycanus cervinatus and Odontria zealandica. The damage done 
to the pasture by the root-feeding larvae of 0. zealandica could affect 
the percentage cover gradings by which was assessed the response of 
0. cervinatus to the treatments. The data on larval populations of 0. 
zealandica are therefore included in Tables I, II and III for reference. 
The treatments were not expected to affect 0. zealandica, and there is 
no indication that they did so. 

The vegetation cover gradings correlate reasonably well with the 
surviving Oxycanus population and there are no obvious anomalies in 
this correlation on individual plots which had large populations of 
0, zealandica. 

Another factor which may account for anomalous results is the 
possible migration of Oxycanus larvae due to starvation, from control 
plots, untreated areas or plots on which the treatments were ineffective, 
on to plots where the treatment was effective and resulted in a greater 
vegetation cover. 

Whatever the difficulties in interpretation of the Oxycanus population 
figures, the final criterion of effectiveness of the treatments must be the 
persistence or recovery of the pasture. Judged on this basis, it is 
e^ridoit that tte D.D.T. spray gave resists as good as the Paris Green- 
bran bait which was used as a standard. Gristed oats was noticeably 
betta* than the controls but not as good as Paris Green-bran or D.-D.T. 
The other indication winch is of sonre interest is that the addition df wheat 
germ to botiii sawdust and chaff appears to improve the attractivaiess 
of these jbonnally unattractive materials. 
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Table 2. Experiment II. D.P.T. Dusts 


Treatment No. 

No. of living 
Oxycanus cater- 
pillars per sq. ft. 

Treatment Mean 

Nc 

0. 

larvs 

>. of living 
zealandica 
le per sq. ft. 

Block. 

B (' 

Treatment Mean 

A 

Block. 

B 

C 

' A 

1 

0.1 

0.7 

1.0 

0.60 

24.6 

23.7 

1.8 

16.7 ! 

2 

7.1 

10.7 

9.4 

9.06 

23.2 

8.5 

1 .6 

11.1 1 

3 

0.0 

0.0 

0.0 

0.0 

31.5 

6.8 

1.5 

13.26 

4 

0.6 

0.0 

1.1 

0.56 

11.7 

23.1 

2.5 

12.43 

5 

1.5 

1.0 

2.2 

1.56 

15.6 

12.6 

5.0 

11.06 1 

6 

4.9 

3.5 

5.3 

4.56 

20.0 

8.1 

4.1 

10.73 1 


Oracling of 
Vegetation 
cover after 
treatment. 


Block. 
A B 


u,1 

10 

10 

n I 

2 1 

i 1 

10 

n 1 

1 10 

12 1 

10 1 

10 

9 1 

10 1 

9 

7 i 

« ! 

6 


c 




s 

£ 

4 .* 


10 

1 

10 

10 

9 

7 


An analysis of variance on this section in Table II dealing with 
Oxycanus population shows the existence of significant treatment effects. 
The differences in treatment means required for significance are 1 .65 
on the 5 per cent, level and 2.35 on the 1 per cent, level. 

All treatments are significantly better than the control on the 1 per 
cent, level. Only Treatment No. 6 (15 lb. D.D.T. per acre) gave signi- 
ficantly poorer results than the standard Paris (ireen-bran bait. Dif- 
ferences between the three other D.D.T. dt>sages were not significant. 

The treatment means for Oxycanus population correlate well with 
those for vegetation cover. 

Vegetation cover gradings in excess of 10 in Table II indicate that 
the plant cover on these plots was better than that on the Paris (ireen- 
bran plots which were taken as the standard for comparison. 

Table 111. Experiment 3. (tammkxank Dusts 
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H 

1 

2 

3 

4 

5 

6 


N( 

Oxy 
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A 

of living 
cunus cater- 
r.s |jer .sq. ft. 

Block. 

H (• 

Treatment Mean 

No. of living 
(). zealandica 
larvae |>er sf] ft. 

Block. 

A B (' 

Treatment Mean 

(irailing of 
Vegetation 
rover after 
treatment 

Block. 

A R C 

7.4 

5.1 

4.1 

5.52 

8.5 

7.9 

1.4 

.S.93 

7 1 7 

5 

11.0 

9.8 

8.8 

9.86 

7,2 

4.3 

2.9 

4.80 

J i 1 

1 

1.7 

t.l 

1.9 

1.56 

12.0 

2.6 

8.7 

7.76 

10 ! 10 

9 

3.8 

4.4 

3.1 

3.76 

9,2 

16.1 

1.6 

8.96 

9 • 7 

9 

10.1 

6.7 

6.6 

7.80 

11.9 

2.2 

6.0 

6.70 

4 : 5 

4 

11.7 

1 

7.9 

6.8 

8.80 

8.8 

12.0 

3.2 

8.00 

3 j 1 

1 

1 



a> 

a 

z 
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6 

I 

9 


8 

4 
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An analysis of variance on the section of Table III dealing with the 
Oxycanus population discloses that there are significant treatment 
effects. The differences between means required for significance arc 
1 on the 5 per cent, level and 2.82 on the 1 per cent, level. 

Treatments Nos. 3 and 4 are significantly better than the control 
on the 1 per cent, level, Treatment No. 5 is significantly better on the 
5 per cent, level and Treatment No. 6 is not significantly better than the 
contnd. The Oxycanus populations from Treatment No. 1 (the standard 
Pa^s Green-bran bait) are much higher than is usual with this treat- 
ment, but no cause can be assigned for this unless it is due to migration 
of larvae from other plots. 
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Experiment 1. 


Discussion 


The treatments for trial were compared with an untreated control 
plot and with a standard Paris Green -bran bait. 

The wettable D.D.T. (Treatment No. 2) used at a dosage of J lb. of 
the para para isomer in 100 gallons of water per acre gave excellent 
results. The cost for material alone of this treatment would be ap- 


proximately 9/- per acre. 

The Paris Green and gristed oats treatment (No. 4) which gave a 
partial control, would cost for materials alone approximately 14/- per 
acre. This is based on Paris Green at 3/- per Ib., oats ex store at 5/6 per 
bushel, plus cost of gristing. This bait besides being less effective and 
more costly than the Paris Green-bran bait, is difficult to mix properly 
owing to the balling of the fine floury' fraction and probably would not 
run as freely as bran through a top-dresser. Using only the coarser 
fraction of the gristed oats (Treatment No. 15) which was retained on a 
tV inch mesh sieve and constituted approximately half the weight of the 
whole sample, the cost would be increased to approximately 20/- per 
acre without any noticeable increase in efficiency. 

Treatments Nos. 5-9 and 10-14 constituted an attempt to increase 
the attractiveness of sawdust and chaff, both of which are unattractive. 


Since it was considered possible that vitamin Bj or associated vitamins 
of the B group might be in part responsible for the attractiveness of bran, 
four materials of different Bj content were added to these carriers. The 
vitamin Bj content of these was as follows : — 


White flour (72 per cent, extraction), 1.7 gammas ; 80 per cent, flour, 
3.0 gammas ; wheat germ. 15.0 gammas ; high flour, 20-25 gammas. 
Of these materials, wheat germ alone showed any promise and as this 
was not the highest in concentration it is presumably .some other 
constituent which isjthe attractive principle. It has not so far been 
possible to test the influence of the fats and oils normally occurring 
in wheat germ and bran on the attractiveness of baits. Wheatgerm is 
quoted at the same price as flour — about 1 .65 d. per pound. 


Experiment 2, 

In this experiment D.D.T. applied, as a dust was tested at different 
dosages against the standard Paris Green-bran bait. 

The results demonstrated that satisfactory control of Oxycanm 
could be secured with quantities as low as 30 lb. per acre of 2 per cent. 
D.D.T. dust. The results from the 15 lb. per acre dosage were noticeably 
poorer. This dust was a jet -pulverised dust containing 2 per cent, of 
the para para isomer of D.D.T and diluted with equal parts of talc- 
magnesite and china clay. The talc-magnesite is 60 per cent, talc and 
40 per cent, magnesite. This is a dust of very fine particle size. Es- 
timating the visible coverage by the dust after application, it was con- 
sidered that 120 lb. per acre Was wastefully heavy, 60 lb. was a good 
coverage, 30 lb. was getting too light, and 15 lb. was too light. 

The results are more instructive if expressed in terms of para para 
isomer content. For Treatments Nos. 3, 4, 5 and 6 the^ are 2.4, 1.2, 
0.6 and 0.3 lb. per acre. The lowest 'satisfactoiy dosage of 30 IB. per 
acre or 0.6 lb. per acre of the para para isomer gave similar results to* 
the D.D.T. spray at 0 . 5 lb. para para isomer per acre in Ei^erim^rit 1 . 

i This 2 per cent, dust is retailed at 9d. per lb. and at a dosage of 304li^. 
per acre Would cost 22/6 per acre for materials alone. The necessity>^fdt 
specialist dusting equipment for large scale application is atf' tdltibWar 
^^dvantag^. 
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Experiment 3. 

In this experiment the treatments were not applied until 2 weeks after 
those in Experiments 1 and 2. As the treatment had 6 weeks in which 
to act it is fair to assume that it had exerted its full effect and that it can 
be legitimately compared with results from other treatments in Ex- 
periments 1 and 2. The gammcxane dust gave effective control of 
Oxycanus, but at a relatively higher dosage per acre than the D.D.T. 
dusts. This dust was given as a 4 per cent, dust containing 0.5 per 
cent, gamma isomer. The price was quoted as approximately Jd. per 
lb. If Treatments Nos. 3. 4, 5 and 6 are expressed as pounds of gamma 
isomer per acre, these are 0.6 lb., 0.3 lb., 0.15 lb. and 0.075 lb. A 
dosage of 120 lb. per acre (0.6 lb. g.i.) produced results e(|uivalent to 
those from 30 lb. per acre (0.6 lb. p.p.i.) of D.D.T. , I).D.T. and 
gammexane in equal dosages of the active isomers appear to be equally 
toxic to Oxycanus. This formulation of gammexane, at a lower active 
i.somcr content and a higher cost per pound, is not as economical as 
D.D.T. It suffers from the same disadvantage as D.D.1'. dust in re- 
quiring special equipment for application. 

Conclusions 

No satisfactory^ alternative to bran, for use as a carrier in ])oison baits 
lias been discovered. The use of gristed oats showed some promise, 
but this material is dearer than bran and subject to disadvantages in 
mixing and spreading which are not encountered with bran. 

Wheat germ showed some promise as an adulterant for otherwist' 
unattractive carriers such as sawdust and chaff, and efforts should be 
made to isolate and identify the attractive principle in bran and wheat 
germ, if indeed attractivi'iiess is conferred by a single substance. 

D.D.T. and gammexane dusts appeared to be equally effective weight 
for weight of their active isomers. D.D.T. has an advantage in cost over 
gammexane, but both require special dusting equipment. A D.D.l'. 
spray at 0.5 lb. of the para para isomer in 100 gallons of water gave 
effective control at a cost, for materials alone, little in excess of the 
standard Paris Green-bran bait. If efficient spraying and dusting 
appliances were available, sprays would probably be preferred on the 
score of cost but this may be offset by the volume of water required 
for spraying large areas of pasture. The application of D.D.'P. 
concentrates as aerosols, using very much smaller volumes of li<]iiid per 
acre, would appear to have considerable promise. 
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STORAGE OF CURD FOR PIG-FEEDING 

BIOCHEMICAL INVESTIGATIONS 

By Ci. M. Moir, R. W. Bailey and J. E. Allan, 

Dairy Division’s Laboratory, Department of Agriculture, Wallaceville 

( deceived for publication, 9tk May, 1047) 


Summary 

'I'o stud>’ the biochemical factors involved, curd has been prepared 
from buttermilk and stored in twenty -one containers of varying sizes for 
periods of six to eight months. Bv detailed chemical analyses of the butter- 
milk, of the curd and especially of the whey produced from it, the progress 
of changes during preparation and storage has been followed. The results 
have made clear the basic principles on which practical methods of preparation 
and .storage do])end for success. The main bacteriological ' and chemical 
changes appear to Ik* quite similar to those which occur in traditional methods 
o^ cheese-making. 

Introduction 

During recent years an increased interest has been taken, especially 
in northern daiiying districts, in the storage of curd made from butter- 
milk and skim-milk for the purpose of having supplies of this valuable 
food available in winter for pig-feeding. To provide winter food for both 
man and animal, various methods of storing dairy produce have been 
used in many countries from time immemorial. According to Arthur 
Young, F.R.S., a pioneer of scientific farming, the storage of skim- 
milk and whey in brick cisterns appears to have been practised in the 
eighteenth century. In his eighth edition of " The Fanner's Calen- 
dar ”, published in 1809, he recommended this method of storing dairy 
by-products to prouide winter feed for pigs farrowed in the autumn. 

Notwithstanding the antiquity of the process, the idea arose in recent 
years that some very special methods were required to initiate success- 
fully the preparation and storage of curd. This idea was fostered by the 
fact that some operators stored curd year after year without a failure, 
while others sometimes succeeded, but at other times failed. Conse- 
quently scientific assistance was solicited to study the biochemical 
problems associated with the preparation and storage of curd from 
buttermilk or skim-milk. During the 1944-45 dairy season, some 
preliminary investigations were undertaken at Eeatherston, and the 
results of these enabled plans to be made for an extensive scries of trials 
during the 194546 season. These trials were carried out at the farm 
where garbage from the Japanese prisoner-of-war camp was being used 
for feeing pigs, and where also an ample supply of buttermilk from the 
local dairy factory was available for use. 

The formation or precipitation of curd from'buttermilk or skim-milk 
obviously results from bacterial fermentation of milk sugar, yielding 
chiefly lactic acid. This dissolves the lime salts naturally comUned 
with casein, which is then precipitated and gradually aggr^ates together 
into ciurd. At first sight it iiii(^ have appeared desiraUc to study the 
bacteria responsible for these changes to try to find out if any particular 
types were more suitable than others for the purposes desired. However 
from a knowledge of the biochmistry of milk, it was clear that a variety 
of milk-souring bacteria were capaUe of producing such changes, and the 
results &iafly yidded by using different types of bacteria might not show 
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quite as much variation as would be expected. The variations which 
might occur were chiefly in the time taken to complete the souring 
process, and those times were also related to the optimum growth tem- 
peratures of specific organisms. A knowledge of past researches in 
dairy bacteriology also indicated that a tremendous amount of work 
would be required to isolate, and to study one by one in pure culture, 
various types of milk-scouring bacteria, to find which might be the 
best for the purpose of preparing curd for storage. Apart from these 
considerations, the original buttermilk would obviously have a liberal 
inoculation of a considerable variety of bacteria. It was therefore 
decided that to attempt any detailed bacteriological work on the curd 
during preparation and storage would be unprofitable, but instead plans 
were made to use suitable methods of chemical analysis to follow the 
changes produced by bacteria. The only bacteriological part of the 
investigation consisted in providing a substantial inoculation of certain 
lots of buttermilk with specific types of lactic acid bacteria to find the 
effect upon the process and the finished product. To enable comparisons 
to be made a series of containers of various sizes were procured in which 
to prepare and store curd under various conditions. The lay-out of 
these containers is shown in the first illustration accompanying the 
practical description already published (1). A programme of analytical 
work was mapped out, and although the preparation of curd was the 
ultimate object of the trials, much useful information was obtained by 
detailed analysis of other materials, particularly the whey associated 
with curd. During the course of the trials, samples as required were 
taken to the Dairy Laboratory, Wallace ville, to be analysed. The 
analytical methods used are descril)ed in an appendix at the end of 
this paper. 

Outline of Trials 

The containers used for the /^r.s7 series were ten SO-gallon iron drums 
in five pairs labelled A and B, C and D, E and F, G and H, L and 
and one 80-gallon wooden cask, labelled W. Four of these, B, D, F and 
H were sunk to nearly their full depth into the ground and the remainder 
were left standing on the surface. These drums were unprotected 
except that for the first three months they were on the sheltered side 
of small army huts which were later removed. The sunken drums 
were covered over in the later st£^es to prevent farm animals getting 
at them. The drums were first filled and inoculated on the 10th October, 
1945, and further additions of buttermilk were made on the dates given 
in Table I, which also summarizes the trial by giving the dates on which 
curd and whey samples were obtained, in each case before the removal 
of whey to make room for the addition of further buttermilk. 

The first pair A and B, were used as uninoculated controls and to all 
the others varjdng proportions of ordinar>^. cheese starter (Sireptocoeem 
cremoris) were added, while G and H, L and M, and W were also inocu- 
lated with Lactobacillus bulgarkus. Inoculations of 1-2 gal. were used 
for each drum, to ensure rapid souring. The controls soured and fer- 
mented in the same manner as the inoculated drums, but previous 
experience of other investigators showed that this might not always 
occur. The buttermilk used was obtained from the Featherston Dairy 
Factory, close to the farm on which the trials were carried out. As it 
was transported in a mobile tank also used for handling whey from the 
cheese vats, it would pick up a certain amount of lactic cheese starter. 
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and that probably explained the successful souring of the uninoculated 
controls. The progress of the initial souring was observed by titrating 
so as to give results expressed conventionally as “ per cent, lactic acid 
The results at the end of the first forty-eight hours showed that souring 
in the sunken drums was taking place at a noticeably slower rate, for 
the figures were 0.45 to 0.51 per cent, as compared with figures of 0.60 
to 0.73 per cent, for the rest. Lower underground temperatures would 
account for this. After three days the slower drums had caught up 
with the rest and all the figures were in the range 0.72 to 0.85. 

Besides lactic acid, carbon dioxide was formed in considerable 
quantities, and as this gas rose to the surface it gradually took with it 
the curd, so that after a few days, there was on top of each drum a 
layer of curd several inches thick, buoyed up by the accumulated gas. 
Underneath was the whey which gradually drained out of the curd so 
that the latter became drier and firmer. In order to get the curd covered 
with whey it was broken up from time to time, until the curd gathered 
at the bottom, leaving the upper portion of each drum filled mainly 
with whey. In the early stages, the surface curd layer formed again 
after each addition of buttermilk, but later, when further buttermilk 
was added, the acidity of the mass was sufficient to precipitate the new 
curd immediately, so that it gathered upon that already accumulated 
at the bottom of each container before gas formation could occur. In 
the latter stages only odd lumps floated up and these sank on being 
broken to allow the gas to escape. Finally the drums were about four- 
fifths full of curd, covered by a few inches of whey. The product was 
a rather sloppy greyish -white mass which, when drained of surplus 
whey gave a soft granular curd. 

Table 1. First Series — Dates of Operations, 1945-46 


Buttermilk. . Curd, . Whey. 


Added 

Analysed . 

Broken . 

Analysed . 

Removed . 

Analysed. 

10/10 

10/10 




17/10 



27/10 



27/10 

5 / 11 * 

5/11 

5/11 

5/11 

5/11 

5/U 

12/11 


12/1 1 

12/11 

12/11 

15/11 

15/11 

14/11 


15/11 


19/11 

19 /n 

18/11 

28/11 


28/11 

6/12 

6/12 



5/12 

5/12 

• 





12/12 

18/12 





18/12 

(W only) 



29/12 


29/12 



4/2 


4/2 




4/8 


4/3 






21/3 

E and F om 

itted 


8/5 


8/5 ’ 


The whey samples of 17th and 27tl} October were obtained from under 
the curd by piercing it and thrusting a closed bottle down into the whey 
where the bottle was allowed to fill. After the curd had been broken 
on the 5th November the whey samples were taken by immersing a 
bottle in the surface layer. If much suspended curd entered the l)ottle 
the sample was allowed to stand so that the curd sank and portions 
for analysis were removed from the supematani layer. From 4th March 
onwards flie whey samples were obtained by filtering portions of wet curd 
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through a coarse filter paj>er for about three hours. In sampling curd 
from under the whey all surplus whey possible was drained from the 
sample while it was being bottled. Until the analyses were completed 
all samples were kept in a cold room at a temperature of 38® to 40®f. 

The second series was begun on 28th November, 1945, using eight 
wooden casks each holding about 46 gallons, in four pairs, labelled 
O and P. Q and R, S and T. Y and Z, also a larger cask X, holding about 
81) gallons, and a large wooden vat V of total capacity about 470 gallons. 
All of these were above the ground and right out in the open except V 
which was for about six weeks shaded by a small shed. Prior to filling 
with buttermilk they were ali well scrubbed out and rinsed with a solution 
of chloride of lime. With the exception of O and P, which were controls, 
they were inoculated with mixed cheese starters 5. lactis and S. cremoris, 
which wer(‘ added to all the rest except X, to which L. acidophilus alone 
was added. To S and T and V some L, hulgaricus was added while to 
Y and Z .some L, acidophilus. Inoculations of about 1 gal. were used 
except in V where a total of about 8 gal. was used. The vat V was at 
first only half-filled as it was inclined to leak, but later was about three- 
(juarters filled. Some leakage continued from this vat and also from two 
or three of the casks. 

The story of the remainder of the process is very much the same as 
in the first series. Warm sunny weather stimulated gas production so 
that the curd rose more (]uickly than in the first series, and the gas 
threatened to force the curd out of the top of the casks so it had to be 
broken up earlier than in the first series. Whey was removed and more 
buttermilk added, as indicated in Table II, the intervals being more 
uniformly spaced than in tin* first series. Before the curd was first 
broken up it had become slightly compacted in the narrow top of each 
cask so tliat its moisture content was lower. Later samples of curd from 
under the whe\^ gave moisture figures similar to those from the first 
series. The curd itself had a ratlier whiter appearance than that of the 
first series, due to the absence of iron. 

'I'AHLli 11 Secono Skkies - Dates of Operations, 1945-46 


Added 


28/11 

6/12 

I2/12* 

18/12 

31/r2* 

10/1 


10/4 {V only) 

♦ Except P. Ri 


lilliv. 

1 V^UIU. 1 

j VVJICJ . 

Analysed 

Droken. 

Analysed. 

Removed. 

Analysed 

28/n 





6/12 

S/IV 

5/12 

5/12 

5/12 

12/12 

lC/12 


12/12 

12/12 

18/12 

19/12t 

20/12t 


18/12 

18/12 

31/12 



29/12 

29/12 



9/1 

9/1 

9/1 



4/2 


4/2 



4/3 


4/3 





21/3 


t Where 



17/4 (V on 

TandZ 

neces.sarv 

8/5 


8/5 


In discussing the results, reference is made to the effects of varying 
weather conditions. The drums and casks were left unprotected from 
weather changes with the object of carrying out the trials under con- 
ditions which would resemble as closely as possible the general con- 
ditions which would apply on most farms. Thus the information derived 
would be of more value to those intending to try to preserve curd by 
the methods studied. 



Table III. Buttermilk Analyses 
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.verage of results for two samples. { Sample sour. 
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Results of Buttermilk Analyses 

As the buttermilk was the starting material a fairly complete analysis 
of most of the samples was done to provide a basis for considering 
subsequent changes. The analyses were begun as soon as possible after 
sampling to avoid changes, but in some cases the sample became more 
or less sour so that certain values were affected, e.g., the total solids and 
lactose were both very low in the sample of 15/11/45. The results 
summarized in Table III indicate the composition of the buttermilk 
used over a period of three months. 

(a) Specific Gravity variations were due to the fact that water was added 
to the cream for rinsing and other purposes during butter manufacture, 
so that the resulting buttermilk was diluted to a varying extent. Most 
of the samples had a specific gravity of about 1.027, but one sample 
with more water than usual had a specific gravity of 1 .024 and total 
solids of 6.73 per cent. 

(b) Total Solids figures were usually in the vicinity of 7.5 per cent., the 
variation being more or less parallel with the specific gravity and nitrogen 
content. Samples with lower lactometer readings due to added water 
gave lower values ; due to loss of lactose, sour samples were also lower 
in total solids. For lack of time, fat determinations were not done. 

(c ) Lactose figures ranged from 3 . 2 to 3 . 8 per cent, for samples analysed 
before souring except one apparently fresh sample which had the unusual 
value of 1.9 per cent, (with T.S. 7.1 per cent.). 

(d) Total Nitrogen was determined to give an indication of the feeding 
value of the buttermilk, and since the resulting curd consists mainly of 
coagulated protein the figures can be used to indicate the degree of 
concentration of the protein during the process. The total nitrogen 
ranged from 0.35 to 0.42 per cent, with one or two exceptions. Using 
the accepted factor of 6.38 to convert these figures to protein, a range 
of 2.2 to 2.7 per cent, protein was obtained. On the earliest samples, 
protein partition determinations were done to get an indication of the 
distribution of the protein. On samples with a total nitrogen of 0.41 
percent, the results showed that of this, 0.385 per cent, was total protein 
(including nitrogen, 0.35 per cent, as casein nitrogen) and leaving only 
0.025 per cent, as non -protein nitrogen. Tliis gave a casein percentage 
of 2.2 and a soluble protein percentage of about 0.22, indicating a casein 
to soluble protein ratio of 10 to 1 as compared with about 8 to 1 in whole 
milk. The difference was due to the denaturation of the protein during 
flash-pasteurizing of the cream at 190® to 200®f. 

As a check on apparent variations, a nitrogen to total solids ratio 
was derived. For most of the samples a value of about 5 . 5 was obtained 
indicating a fairly uniform composition for the buttermilk. Slightly 
lower ratios were obtained for later samples, but no reason for this 
could be suggested. 

(e) Chloride determinations were done as a control to indicate sub- 
sequent changes. The results vary within the narrow range of 0.065 
to 0.072 per cent. A weighted average of all the results gave a value 
of 0.Q687 per cent, of chloride ion. By converting all subsequent 
whey results to this chloride basis the effects of both evaporation and 
rainwater dilution were eliminated, as is discussed later. 
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Most of these results are only indirectly rdated to the curd and 
whey results, except that they indicate the ori^nal composition of the 
materia] used to prepare the curd. The lactose is important on account 
of the part it plays as the source of lactic acid, etc. From the results 
can be obtained an estimation of the original feeding value of the butter- 
milk, and if desired theoretical figures for the yield of curd from a given 
amount of buttermilk. The composition of the buttermilk depends 
on the methods used at the dairy factory, and* varies appreciably from 
day to day, but excessive dilution with water should be avoided when 
it is to be used for pig-feeding. 

Results of Whey Analyses 

Associated with the curd was a considerable volume of whey which 
at first sight might have appeared to l>e a by-product of large bulk but 
of little significance. It was however important in several respects, and 
from its analysis was derived much very useful information about what 
was happening to the curd. The progress of souring and subsequent 
changes could be followed by acidity and pH determinations. During 
storage the lactose was gradually fermented and by lactose determina- 
tions the ])rogress of fermentation, whether faster or slower, ccmld be 
followed. The whey contained nitrogen in various forms about which 
analytical data might prove useful. Besides nitrogen compounds of 
lower molecular weight, there might also be soluble milk proteins or 
their derivatives which could hot be precipitated like casein to form 
curd. Finely dispersed curd which had not become aggregated with 
the main bulk might also be detennined as nitrogen when the whey 
was analysed soon after souring, or after the addition of more butter- 
milk. Later on if the curd decomposed during storage the nitrogen 
content of the whey should show an increase. 

The total solids present in the whey included such variables as 
lactose and nitrogen compounds so that determinations of total solids 
could provide a general indication of the trend of changes which were 
occurring during storage. A minor constituent which could be quickly 
and easily determined was chloride and estimations of this ion proved 
very useful for control purposes. 

I 

The whey for the earlier analyses was obtained from the surplus 
which was being removed to enable more buttermilk to be added and 
was usually very gassy. Later on the curd almost filled the drums and 
casks, with only a small layer *)f whey on top and little or no gas. At 
that stage the whey samples were drained from curd taken deep down 
in the drums so as to be less subject to surface variations. As ail the 
casks were out in the open, the composition of the whey was affected 
by i^matic effects, which operated in three ways. Firstly, the drums 
let into the ground were kept cooler than those above ground, and 
seccmdly, especially in hot windy weather, the whey evaporated more 
readily from the surface. As the sunken drums were also somewhat 
sheltered from the wind, these two conditions together gave .rise to the 
markedly lower chloride values yielded by samples from the sunken 
drums B, D, F and H of Februaiy 4th. 

This is Aown in the following figures which are percent, of Cl ion : — 

A, 0.103 C. 0.121 E, 0.114 0,0.136 L, 0.135 W.0.103 

B, 0.094 B, 0.07S F, 0.081 H. 0.098 M, 0.124 
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Thirdly, dilution occurred in wet weather. The extent of the 
variations produced by climatic effects was shown by two sets of samples 
taken at the same time from both series. In the first set which was 
chiefly surface whey, the chloride figures ranged from as low as 0.023 
to 0.099 with an average of 0,0551 per cent. From deep curd samples 
taken at the same time the whey was drained and yielded chloride 
figures from 0.075 to 0.099, with an average of 0.0862 per cent. 

All whey results recorded in Tables IV and V were converted to a 
value corresponding to the mean chloride concentration in the butter- 
milk used — 0.0687 per cent. The chloride content of the initial whey 
was much the same (0.066 per cent.), but the average chloride figure 
from the buttermilk samples was preferred as the basic figure. By 
this means variations due to evaporation and dilution effects were 
largely eliminated, as is best shown in the graphs, Fig. 2. The un- 
corrected values for total solids of L on 12th December and 4th February 
were higher than they should have been, probably owing to evaporation 
by hot winds. In the case of S, slight dilution due to wet weather is 
shown in the values for 29th December. On the same date the values 
for V showed much more marked dilution due to rain water being 
accidentally blown into V from the roof of an army hut a few days 
before. On 10th April additional buttermilk was added to V to keep the 
curd covered and to replace loss due to leakage etc., a whey sample 
taken on 17th April gave a total solids value showing that the addi- 
tional buttermilk had somewhat modified the whey composition. To 
supplement the graphs, in Tables IV and V are given the principal 
analytical re.sults for whey for most of the containers. For brevity 
the remainder, which were similar, have been omitted. 

As already mentioned acidity titrations were done to follow the 
initial souring of the buttermilk, but the results obtained from titrating 
the whey were rather variable, and latterly became very high, so that 
little significance could be attached to the figures. The pH of the 
whey was more constant. Soon after the buttermilk soured the values 
of the first series were 4.4, but a week or two later they dropped to 
4.2, where the)^ remained fairly consistently for most of the time. In the 
second series similar values were recorded, but after some months’ 
storage, individual samples gave more variation, from 4.0 to 4.6. 

First Series : (a) Lactose was used up by the initial bacterial fer- 

mentation to produce lactic acid, carbon -dioxide, etc. Determinations of 
lactose therefore gave an indication of the progress of fermentation, and 
after all the lactose had gone, showed when other changes might begin. 
The results have been expressed graphically (Ing. 1) by plotting the 
lactose concentration against the time in days, using lactose value for 
the first buttermilk as a starting point. As each further addition of 
buttermilk temporarily increased the lactose content, the lactose figures 
for the buttermilks have also been plotted as starting points, thus 
breaking the graphs into a series of smaller graphs joined by dotted lines. 
This eliminated those portions of the main graph which showed that 
lactose was being addled, and gave a better indication of the rate of 
fermentation of the lactose. Points are shown for buttermilk additions 
on 12th and 15th November but as reliable lactose values for these were 
not available, lines from these points have not been drawn. 

In Fig. 1 are graphs for A and B. and E and F ; similar graphs with 
minor variations were obtained for the other drums. In all cases the 
lactose was destroyed fairly rapidly, but the drop appeared irregular 
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Fig, 1.- To show changes in lactose content of whey. 


owing to the increase due to more buttermilk being added. Once ad- 
dition of buttermilk ceased the lactose soon became completely u.sed uj). 

In these graphs, a sd^ificant fact is that for A and E (above ground) 
the lactose fell off rapidly and further buttermilk did not maintain 
the lactose content for very long. In B and F the drop was slower 
and lactose was present in larger amounts for much longer after each 
addition of buttermilk. This was no doubt due to the lower temperature 
in the imderground drums slowing down the rate of fermentation - an 
important poiiit. 

(b) Total solids at first ranged mostly from 4.5 to 4.9 with an average 
of 4.7 per cent, then gr^ually dropped as the lactose was used uj). 
with slight rises after more buttermilk was added, (e.g., Fig. 2. graph L, 
points for 12th November and 12th December) until, with the loss of 
all the lactose, low values were reached. Except for slight irregular 
variations, values then remained fairly constant in the vicinity of 2.5 
to 3.0 per cent. This suggests that very little curd was dissolving in the 
whey. In W, however, ^ter the initial low value was reached there was 
a slight but distinct rise in total solids from 2 . 8 to 3 . 2 per cent. Similar 
observations were made in the second series and the explanation will be 
discussed later. 

(c) Total nitrogen determinations, could not be done on several early 
batches of sarnies and the picture is thbiefore incomplete. The initial 
values given by m<Mt of the first samples were close to 0. 10 per cent., 
and these rather higher values were probably due to the presence of 
finely dispersed casein which had not become aggregated with the bulk 
^ the curd. Later figures in December, before and after tfaejast additi<ni 
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of buttermilk, were lower, (about 0.07 to 0.08 per cent.). The values 
then increased only slightly to about 0.09 per cent, in February, then 
to about 0.12 per cent, in March and finally to about 0.14 per cent, on 
8th May. In W a greater increase was noticed, as with the solids figure, 
and that again was similar to the second series. 

To indicate the progress of curd breakdown and solution in the 
whey, “ formol ” titrations of the available amino-groups were done 
on all samples in the later stages. The results of these are shown in 
Table IV where figures represent ml. of 0.1 n. sodium hydroxide per 
10 ml. of whey, and are adjusted to a fixed chloride content. Cl = 0.0687 
per cent. The values obtained for samples taken after the addition of 
buttermilk had ceased, over a iieriod of more than five months, rose 
from a range of about 1 .0 to 1.4 ml. to a range of 2.9 to 4.4 ml. This 
distinct rise showed that breakdown to the curd to give soluble nitrogen 
compounds was taking place though quite slowly. In the case of W 
there was a more marked rise, parallel wth the nitrogen and other values 
mentioned above. Most of the formol titrations for the sunken drums 
did not rise to quite the same extent as the remainder so that cooler 
temperatures apparently retarded decomposition slightly. To il- 
lustrate the increasing proportion of amino -nitrogen in the whey, the 
ratio, formol titration to total nitrogen, has been calculated and, with 
odd exceptions, most of the figures so obtained showed a gradual in- 
crease over the time considered. 

(d) Chlorides w’ere done as a control and their value in eliminating the 
effects of the weather has been shown. At first they remained fairly 
constant at about 0.066 \}ev cent., but gradually rose to 0.08 to 0.12 
per cent, (average 0.094). 

Second Series : As the containers used were wooden casks above 
the ground together with a wooden vat, they did not get so hot in the 
sun as the iron drums, but some of them leaked a little. 

(a) Chloride figures showed a rise similar to that observed in the first 
series, from 0.067 per cent, originally to 0.07 to 0.09 per cent, (average 
0.081 per cent.) at the last. All the results in Table V, have been 
converted to a chloride concentration of 0.0687 pier cent, and only the 
adjusted figures are discussed. 

(b) Lactose results showed a gradual fall similar to that in those of the 
first series standing above the ground, but the additions of more butter- 
milk at frequent intervals checked the fall in values. In most cases the 
lactose was all fermented at the end of two months, twenty da3’'s after 
the addition of the last buttermilk. 

(c) Total solids values were at first in the range 4.6 to 4.8 and fell 
gradually as the lactose was used up, while addition of buttermilk caused 
rises, e.g., values of 9th January for S and V shown in the graphs (Fig. 2). 
The V sample for that date was high in both total solids and nitrogen, 
due to a larger amount of buttermilk being added on 31st December. 
The lactose was fermenting slowly and the curd had not aggregated well 
owing to its gassy condition. When the lactose was practically all gone, 
values on 4th February ranged from 1.0 to 2.7 per cent., but during 
the next three months a gradual increase took place in all cases, so that 
the final range became 2,2 to 3.3 per cent. This is comparable with 
W of the first series, and is discussed later. 



Table V. Whey Analyses. Second Series 
1 he figures represent Total Solids^ Lactose and Total Nitrogen percentages. 
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Analytical methods for determining Formol values and Formol to Nitrogen ratio values are described in the Appendix. 
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(d) Total nitrogen figures are available for most of the whey samples of 
the second series, so that they provide a more complete picture than 
in the first series. Whflc buttermilk was being added at regular intervals 
most of the values remained fairly constantly in the range of 0.07 to 
0.08 per cent, (which agreed with the values obtained in the first senes 
before and after the last buttermilk was added). When no more butter- 
milk was being added and the lactose was used up, the values rose during 
the last twenty weeks to figures ranging from 0. 15 to 0.20 per cent, for 
the last batch of samples. The formol titration figures obtained after the 
additions of buttermilk had ceased, showed a steady rise from rather less 
than 2.0 ml. to a range of 3.5 to 5.5 ml. These figures and the formol 
titration to total nitrogen ratios obtained from them, were similar to 
those of the first series but the rise was more marked. 

In the first scries, the solids and nitrogen values of cask W latterly 
rose more distinctly than those of the remainder, while a similar rise was 
quite noticeable in all of the second series towards the end of the storage 
^riod. This difference is illustrated in Fig. 2 in which graphs of the 
total solids values for L, S and V, both original and adjusted, have been 
plotted to show the effect of the conversion factor. In L, corrected, 
there is a fairly stea^ fall (apart from rises shown in samples of 11th 
November and 12th December due to buttermilk additions) with even- 
tually a gn^ual flattening of the graph, whilst in S and V after an initial 
drop there is a steady rise. The following suggestions may explain this 
rise which fKcurred in the second series but not in the first. Except 
for W which was a wooden cask like all of the second series, the curd of 
the first series was stored in iron drums, and there were indications of a 
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relatively high iron content in the whey from these drums, e.g., the 
whey was a pale greenish -yellow colour, and on titrating it with alkali 
a blackish precipitate was obtained. Possibly the dissolved iron checked 
certain types of bacterial action ; also it may have helped to precipitate 
certain soluble protein material. It was noticed that samples of freslily 
filtered whey from the iron drums, on standing overnight, gave a gela- 
tinous precipitate which settled to the bottom ; this did not occur in whey 
from the other samples. Thus in the iron drums there w()uld he less 
soluble protein in the whey and the increase in nitrogen noted would be 
due to simpler degradation products, whereas the more marked increase 
of nitrogen and total solids in the whey from W and from the second 
series, would be due partly to sf»me major portions of the casein molecule 
becoming dissolved. When the last samples were analysed, after a 
storage of 159 days, the corrected whey nitrogen figures for the second 
scries had a range of 0.15 to 0.20 per cent., while in the first series after 
208 days storage, W was 0.19 per cent., but the samples from the iron 
drums had a lower and narrower range of 0. 12 to 0. 15 per cent. These 
figures are more significant than the trend shown by the tf)tal sf)lids 
figures. 

effect of variations 

The results of the whey analyses show clearly how certain variations 
affected the process. 

(a) The use of starter, i.e., of different types of lactic-acid-producing 
bacteria, did not appear to vary’ the process appreciably, but one or two 
points are worth commenting upon. The drums G and H, L and M, 
and the cask W were inoculated with L. bulgaricus in addition to cheese 
starter. .\s (om pared with (i the lactose fermentation in H, sunk 
underground, at first t(K)k place more slowly (as it did in the otlier 
sunken drums), but after about a month the lactose values for H became 
lower than for (i. indicating that it was being more (]uickly used up. 
This w as accomj)anied by .slightly lower total solids and nitrogen values 
in H, and this tendency persisted till the end of the storage period 
Neither L n<n* .M were sunk, but the bulgaricus inoculation for M w^as much 
greater than for L. In M, after about three weeks the lactose was 
persistently lower than in L. A few^ wTeks after the last addition of 
buttermilk the nitrogen values for M w’ere lower than ft)r L, and this 
difference ])ersisted to the end of the storage period. Apart from F. 
t(» wdiich no buttermilk had been added on 5th November, the only 
drums in w'hich the lactose content was zero on 5th December were 
L and AI. Possibly this quicker fermentation in L and M may have been 
due to the bulgaricus culture, and the much heavier inoculation of A1 
may have accounted for its lactose being used up more quicklv than 
that of 1.. The results in W were different from all the remaining drums, 
partly on account of temperature effects, and partly owdng to the ab- 
sence of iron salts. Whether the bulgaricus culture also contributed 
to the differences is doubtful. In the second series however, the inocu- 
lation of S and T, and V with bulgaricus did not produce any similar 
effects, so that the use of bulgaric%i$ was probably not the real reason 
for the effects discussed above in the first serihs. The use of L. acido- 
philus for. X, Y and Z in the second series apparently did not modify 
the process. Both cultures of lactobacilli which were used grow best 
at warm temperatures (30 to 37°c.) and on that account may have been 
less suitable than lactic streptococci. If the controls in both series had 
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not soured readily due to adventitious inoculation derived from cheese 
whey, they might have shown more clearly the effect of lack of starter 
addition. 

(b) Temperature variation produced appreciable differences in several 
cases. This was noticed early in the slower souring of the buttermilk in 
the sunken drums of the first series ; also the curd in these drums was 
not so firm at the end of the first week, as a result of slower gas formation. 
Thus the lactose in these drums lasted longer, as shown in Table IV, where 
the Values for B and F were respectively higher than for A and E. With 
higher lactose values, higher total solids values were also obtained. This 
effect of lower temperature was noticeable in H as compared with G for 
the first month. Later results for this pair were, however, slightly 
anomalous due to some undisclosed reason. 

On sunny days the cask W was cooler than the iron drums so that 
whey samples from W gave higher lactose and total solids values than 
the drums above the ground. Again in the second series the vat V was 
at first shaded by an army hut, and later a screen was placed along its 
sunny side to check the warping of the wood which was giving rise to 
leakage. As a result the temperature of the large hulk in the vat did 
not rise as much as in the casks, so that after 5th DecembiT whey from 
the vat tended to be higher in lactose than from the casks, with a similar 
though less marked tendency in total solids content. A combination 
of low temperatures with insufficient milk-souring bacteria at the be- 
ginning of the process might however enable undesirable types of bacteria 
to predominate, and spoil the process. 

(c) Frequency of buttermilk addition,' observed to produce marked 
^fferences. No buttermilk was added to E and K on 5th November, 
with the result that whey from this pair on 12th November had a lower 
lactose content than aU the rest, while the total solids and lactose for E 
continued to be lower than all the rest. However, F had a higher total 
solids and lactose than all except B ; this would be due to the fact that 
larger volumes of whey were removed from E and F on 12th November, 
and so larger volumes of buttermilk added to replace it, as compared 
with the remaining drums. The cooler temperature of V underground 
checked fermentation of the lactose which by contrast took place in E 
very rapidly. Similar contrasts were noticeable in the total .solids and 
lactose contents of whey samples from E and F on the 5th and 12th 
November when F continued to have higher lactose and total solids 
values. 

In the second series, to observe the effect of longer time between 
buttermilk additions, none was added to P, K, T and Z on two occasions, 
12th and 31st December. In these casks the lactose values of P, T 
and Z were slightly lower than the corresponding ca.sk of each pair when 
the whey was analysed a week later (18th December), but samples 
from the casks P, R, T and Z taken for analysis on 29th gave distinctly 
higher values for both total solids and lactose as compared respectively 
with O, Q, S ^d Y. This was apparently due to the larger bulk of 
buttermilk which could be added to these casks on the 18th, with the 
result that the lactose concentration in the whey was raised higher, and 
so took longer to be fermented. Along with this thens was a tendency 
noticed in <he pairs of whey samples of 5l9th for those with higher lactose 
to have slightly lower nitrogen (except Z). That difference probably 
indicated more complete precipitation of the curd. After the final 
addition of buttermilk on 10th January, further whey samples' were 
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not analysed soon enough to enable the repetition to be noted of this 
effect on the lactose figures, but on 4th February and 4th March in the 
case of P, R and T, both total solids and nitrogen figures were distinctly 
lower than those respectively of O, Q and S. The corresponding values 
for Z were only slightly higher than for Y. These results suggest that 
additions of buttermilk should be made at longer rather than shorter 
intervals, in order to keep the curd as long as possible in whey containing 
lactose, and to enable the curd to separate more completely from the 
whey. 

Results of Curd Analyses 

Samples of the curd were analysed at intervals chiefly for total solids 
and total nitrogen. These determinations were done in one or two cases 
directly on the wet curd ; in other cases the surplus whey was first drained 
off, sometimes by pouring away the supernatant liquid, but latterly by 
placing*,the curd in a large filter paper (fluted folding) in a funnel. The 
moisture content, and its reciprocal, the total solids, therefore varied 
somewhat from batch to batch of samples, and as chloride determinations 
were not done, adjustments to the results were not possible. 

(a) In the first series, samples taken on 5/11/45, a few days after the 
curd wiis first broken up, yielded total solids \'alues ranging from 12.5 
to 13.8 per cent. Well-drained samples taken a week later, 12/11/45, 
yielded values of about 16 to 18 per cent. Six weeks later, 29/12/45, 
samples from which the whey had been merely poured off were mostly 
in the range of 9 to 10 per cent. The last batch of samples, 8/5/46, of 
the undrained semi-liquid curd had values ranging from 10.0 to 11.5, 
average 1 1 .0 per cent. When the curd was well drained the total solids 
values ranged from 13 to 18 per cent., the average for the samples of 
8/5/46 being 16.0 per cent. Total nitrogen values on drained curd 
ranged from 1 .2 to 1 .8 per cent., so that using the factor 6.38, protein 
values ranged from 7.6 to 1 1 .5 per cent. None of these results showed 
any definite trends, but on calculating the nitrogen to total solids ratio 
as a percentage, figures in the vicinity of 10 were usually obtained. 
This showed that, despite some slight variations, the protein content of 
the curd itself was remarkably constant throughout the period of storage. 

(b) In the second series the total solids values of the curd ranged from 
about 9 to 12 per cent., and in the well-drained curd from 14 to 16 ^>er 
cent. The undrained curd samples of 8/5/46 had total solids values 
ranging from 9.2 to 12.4 per cent, (average 11.0), while the same sam- 
ples well-drained gave values from 14.7 to 16.0 per cent, (average 15.4). 
Total nitrogen values obtained on various occasions ranged from 0.9 to 
1 . 1 per cent, for the undrained curd and from 1 .4 to 1 .8 for the filtered 
curd. These figures w^erc similar to those of the first series and the same 
total nitrogen to total solids ratio figures in the vicinity of 10 were 
obtained with rather less variation. The ratio figures were practically 
the same for both drained and undrained curd. These results therefore, 
indicated little change in the composition of the curd and served as a 
check on the preservation process and also as an indication of the feeding 
value of the curd, based on its protein content. 

In the second series, before the curd was first broken the gas under- 
neath pressed the curd into the narrowing opening of each of the casks, 
and this compacting effect, together with the warm sun and wind, 
produced a much drier curd. Samples taken from three casks before 
breaking up the curd to release the gas gave total solids figures around 
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21 per cent., while one was as high as 29 per cent., but a similar sample 
from the large vat was just under 17 per cent. These results make clear 
the saving in storage space which might be achieved if instead of sinking 
the curd to store it under the whey, it were drained of surplus whey and 
stored in suitable air-tight containers. 

Certain chemical properties of the curd may be deduced from chloride 
determinations which were done upon only one batch of samples, in- 
cluding both the first and second series. The curd for the analyses had 
been drained by filtering and the corresponding whey samples were 
also analysed. At first sight no relation could be traced between the 
chloride content of the curd and that of the corresponding whey. But 
on expressing the chloride as a percentage of the water present in each 
case a fairly definite correlation appeared. This was made evident by 
calculating the ratio of the chloride in the curd water to the chloride 
in the whey water. Out of samples from 21 different containers, this 
ratio in the case of no less than 12 lay between 1 . 16 and 1 . 19, with an 
average of 1 . 18. For the remaining 9 containers the ratio in 2 cases was 
below 1 .0, while in the 7 other cases it ranged from 1 .08 to 1.26 with 
an average of 1.19. The fact that the chloride ion concentration in the 
water associated with the curd was higher than it wasin the whey water 
was probably due to a Donnan membrane effect. If this were the case 
the ratio might be altered by changes in the physico-chemic'al state of the 
curd, particularly its degree of hydration, and this in turn might alter 
as breakdown from larger to smaller molecules took place. Unfor- 
tunately chloride determinations were not done regularly on the curd so 
that this possibility could not be further studied. 

In the undrained curd, which in practice, would be the product used 
for feeding, about 89 per cent, was water when the last samples were 
taken, and of the 11 per cent, total solids, fully 6 per cent, was protein. 
The remaining 4 per gent, consisted of ash, salts of such organic acids 
as lactic acid, etc., and a small amount of fat, usually less than 1 per cent. 

From the results of the chemical analyses for total solids and for 
nitrogen some idea can be obtained of the concentration effected by the 
process. The original buttermilk had a nitrogen content of about 0.4 
per cent. Results obtained from undrained curd of the first series 
sampled on 29/12/45, gave an average total solids value of 9.4 and this 
curd was found to have its nitrogen about 10.2 per cent, of its total 
solids. Thus the nitrogen content of the curd itself would be about 0,96 
per cent. The concentration figure is therefore 0,96/0.4, i.e., 2,4. 
Similar calculations from results obtained towards the end of the storage 
period gave a rather higher figure, which approached figures obtained 
likewise from the second series, 1.12/0.4, i.e., 2.8. 

Starting from the original buttermilk total solids figure of about 
7.5 percent., this becomes only 11 percent, in the final undrained curd ; 
but if allowance is made for the loss of lactose, about 3.4 per cent., the 
original buttermilk solids drop to 4.1 (i.e., 7.5 minus 3.4). Thus the 
concentration figure is obtained by dividing 11 by 4.1 giving the result, 
2 . 7, which is only a little lower than the figure derived from the nitrogen 
analyses. 

However according to conditions some variations may occur, so 
the concentration or reduction in volume effected by the process can be 
r^koned to be rather less than three times. After long storage, evapora- 
tion may cause the concentration to approach or even exceed three times. 
This effect was made clear during the Featherston trials by chloride 
determinatfems on the whey, which rose from belo^ 0.07 to about 0.09, 
with odd saiP^ples above 0 . 1 per cent. 
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(lENERAL Discussion 

During" tliese trials curd was jirepared and stored in good condition 
in various containers for periods of 6 to 8 months. By chemical analysis 
of the buttermilk, whey, and curd, information was obtained about 
the changes which occurred during the storage process. On account 
of other work in hand it j)roved impossible to do as much analytical 
work as might have been useful, nor was it possible to work up the 
results and study them in detail during the course of the trials. Con- 
sequently some factors which might profitably have been studied by fuller 
analy.sis were overlooked. During the progress of the trials notes were 
made of various details such as the amount of curd floating, the variation 
in gas condition of the whey, differences in colour and cloudiness of the 
whey during the early stages while buttermilk was still being added. 
The possible correlation of such points with later developments did not 
eventuate. In planning the trials an important consideration was to 
vary the conditions as much as possible to see if some were preferable 
to others. In retrospect it appears that more chemical information 
might have been obtained if fewer containers had been used so that 
more frequent sampling for analysis could have been undertaken. This 
would have ])rovided a more complete chemical picture of the progress 
of tlie changes. 

On buttermilk samples, lactometer readings were done usually the 
.same day as the>’ were taken, but if it had been possible to do also total 
solids, lacto.se. et(\, the same dav instead of the following day that 
would hav(* enabled the amount of added water to be determined fairly 
accurately, and thus differences in the cf)mposition of the buttermilk 
on different occasions might have been explained. P'at determinations 
on buttermilk would have enabled Richmond's formula (2) for total 
solids, and I'dy s (3) for added water to have been applied. The weigh- 
ted average figure for chh^rides is more accurate for the first scries than 
for the .second series in which some of the earlier samples of buttermilk 
were not used. However if the basic chloride figure were varied slightly 
that would not affect appreciably the general trend of the results.. 

Throughout the* trials the whey samples were very fully analysed, 
but more frequent total nitrogen and formol determinations in the early 
stages might have been useful. In addition, total protein nitrogen as 
distinct from total nitrogen determinations would have helped to show 
how much of the nitrogen was due to casein which had not aggregated 
upon the curd, e.specially in the earlier stages while buttermilk was still 
being added. Total protein determinations would also have been useful 
to indicate the trend of casein decomposition and to supplement infor- 
mation >Helded by formol titrations. In some cases slight differences 
were no*iceable in the composition of the whey which was separated by 
pouring from the curd and that obtained by filtration but it was not 
possible to investigate these differences, which were chiefly in the nitrogen 
content. 

So long as the mixture of the curd and whey remained at a fairly 
low pH, as determined on the whey, the need for detailed analysis of the 
curd seemed to be not quite so pressing. The curd analyses were there- 
fore confined chiefly to total solids and nitrogen determinations, and 
these served to indicate the constancy of composition of the curd, as 
well as its feeding value. As already pointed out chloride determinations 
on the curd might have provided some useful data to indicate changes 
in its physico-chemical condition. To provide fuller information about 
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the feeding value of the stored product, fuller analysis would have been 
useful especially on account of the gap between total solids and total pro- 
tein content. A few determinations showed that this gap was partly 
filled by the presence of fat (about 1 per cent.), ash (about t per cent.), 
and lactic and other organic acids. A series of determinations would 
have helped to provide more data about these constituents, which were 
however secondary to the main feeding value of curd derived from its 
protein content. 

Provided a sufficient inoculation of lactic-acid-producing bacteria 
is present originally, a high acidity, (pH 4.2 to 4.4), can be obtained 
fairly rapidly so as to precipitate and coagulate the casein into curd. 
Apart from the formation of the curd, the souring also idays an im- 
portant part in the storage because when the material is sufficiently 
acid the multiplication of a variety of bacteria is checked, and putre- 
faction cannot so readily occur. 

It is a well-established principle that in the i)rescncc of a fermentable 
carbohydrate, proteolytic bacteria use this carbohydrate in preference 
to attacking protein material (4), (5). In the present investigations 
this principle appeared to apply for there was little decomposition of the 
curd while laefose was present, and after the lactose was all used up, 
the curd dissolved very slowly, as shown by determination of both total 
nitrogen and formol values in the whey. These results showed that it 
was desirable to maintain the lactose content as long as possible and 
this could be done in two ways ; firstly by spacing out the additions of 
buttermilk at longer intervals (JO to 15 days) rather than shorter (5 to 
10 days); secondly the slower fermentation of the lactose in the sunken 
drums showed that a lower storage temperature was preferable. After 
the lactose was used up there was practically no tendency for the curd 
to rise to the surface of the whey, and at that stage another important 
factor operated in conjunction with the acidity, namely the exclusion 
of air which was effected by keeping the curd covered with whey. Just 
as in making ensilage, it was important to exclude air so as to check the 
multiplication of various types of bacteria which were capable of growing 
and decomposing or putrefying the curd. 

The acid conditions in the curd would no doubt favour the growth 
of very large numbers of harmlc.ss lactobacilli (e.g., Sireptohacterium 
casei) which are common in cheese. Apart from these the principal 
types of organisms likely to grow are jreast and moulds. The former 
are less important than the latter which usually produce apprcciabli* 
amounts of ammonia and similar substances which are capable of neutra- 
lizing the acidity. If this should occur in a confined spot where the effect 
is localized the pH may rise and enable other bacteria present to develop 
so that decomposition may soon proceed rapidly ; but any mould spores 
which chance to be blown on to the surface layer of whey will sooner or 
later become submerged due to air currents so that mould growth is 
thereby checked. TWs is one advantage of not having these containers 
provided with covers. Towards the end of the trials when covers were 
required on the sunken drums to prevent the access of farm animals, 
a film of mould growth developed here and there on the surface* of the 
whey. 

If the storage of the curd were attempted by draining the whey from 
it and placing it in a cask or drum, special care would need to be taken 
to use an air-tight container and to press the curd well down so as to 
exclude air. A tight fitting lid wotdd also be necessary to limit the 
mxess of air to the top as much as possiblCr with the object of checking 
me growth mould and proteol 5 rtic bacteria. 
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The results showed that the preservation of curd in many respects 
followed the traditional process of cheese-making. The final product 
was of course very different from cheese made in a factory where the 
curd was removed from the whey, drained and pressed but the under- 
lying bacteriological and chemical changes were essentially the same. 
In both cases acidity was developed to produce the curd and check the 
growth of undesirable bacteria, which were also .suppressed by the 
exclusion of air. 

Towards the end of the storage ])eriod the rising nitrogen content 
of the whey revealed a slight tendency for the curd to decompose. This 
would normally be checked with the advent of cooler weather, and longer 
storage would not often be needed. Although some variations were 
noticeable in the results of the whey analyses, especially during the 
earlier stages, after six to eight months’ storage no significant differences 
were noticeable in the properties of the curd in the different containers. 
From this it may be deduced that considerable latitude is permissable 
in the preparation. Nevertheless, to secure the maximum efficiency of 
storage, due attention should should be given to certain points which have 
already been emphasized, e.g., liberal inoculatirm with an active cheese 
starter culture to initiate rapid souring ; avoidance of warm temperatures 
by shading the containers from the sun, and addition of buttermilk 
or skim milk after longer rather than shortcT intervals. These and 
various other practical points (including food values and economic 
aspects) have been described in detail in an illustrated article (1). 

These investigations were sponsored by the National Pig Industry 
('ouncil, which provided a small grant from its funds towards the ex- 
penses. Much valuable assistance with many ])ractical details was 
rendered by Mr. H. M. Peirson, Sujierintendent of the Pig Industry. 
Besides other assistance which has beem acknowledged in the Bulletin (1), 
mention should be made here of help given by .Airs. I). K. Perrin with 
some of the chemical analyses, and by .Mr. A. L. Biyant in preparing 
the graphs. 
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APPENDIX OF ANALYTICAL METHODS 

The analytical methods which have been usetl are described separately^ in this 
Appendix so as to avoid confusion with the principal .subject matter. 

Specific Gravity : This determination was carried out on all buttermilk sam- 
ples, except those which had became sour, by adjusting the temperature to 60±J®f. 
and using a finely graduated lactometer. 

Acidity: (a) Titration. To indicate the progre.ss of souring 9 ml. of butter- 
milk or whey was titrated with O.lN. sodium hydroxide using 1 ml. of 1 tier cent, 
pbenolphthalein per sample, and the results were recorded conventionally as ”per 
cent, lactic acid Satisfactory^ results were obtaineil in the early stages of souring, 
but with very sour samples from the casks or drums, the presence of curd particles of 
varying size gave unreliable results. Clear wliey could lie easily titrated but when 
more or less finely divided curd was dispersed in the whey, the results were erratic. 

(b) pH. To find the pH of whey samples, 0.5 ml. of 0,04 per cent, 
bromo-cresol-green indicator was added to 10 ml. jiortions and the colour matched 
in a Lovibond comparator. 
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Total Solids ; Into previously dried porcelain dishes about 3 to S g. of curd 
or 10 g. of buttermilk (pipetted) weife quickly weighed. Light aluminium dishes were 
preferred for 10 g. whey samples (also pipetted) The dishes were heated for at least 
three hours in a steam oven, then cool^ and weighed, followed by two heatings of at 
least one hour each in the oven, witli subsequent weighings. Owing to the acid con- 
dition of the material further heating gave slight further loss in weight due to volatile 
fatty acids, etc., being driven off. Occasional trials of longer heating were made, 
but the effect on the results of further slight losses in weight were hardly significant. 
As the dry material was very hygroscopic, speed was necessary with the final weighings, 
and too many dishes could not be plac^ in one desiccator. I'he results have been 
expressed as grams of dr\' matter per 100 g. of sample. 

Determinations were carried out as soon as possible after collecting the sample, 
lest storage, particularly for curds, should lead to the production of volatile products, 
thereby lowering the total solids value. When weighing curd samples thorough 
mixing was necessary to ensure agreement between the duplicates. 

Chi.oridks : According to Volhard’s method, to 25 ml. of whey or buttermilk 
in a 300 ml. conical flask, were added 10 ml. of accurately standardized tenth-normal 
silver nitrate, followed by 10 ml of concentrated nitric acid (commercial acid was 
found satisfactory if chloride free). The flasks were boiled gently on a hot plate until 
the liquid cleared. To determine the unprecipitated silver, the resultant solution, 
after diluting to fully 100 ml. was titrated with approximately tenth -normal potassium 
thiocyanate solution, u.sing iron-alum as indicator. For each batch of samples, blanks 
were done in order ta standardize the potassium thiocyanate and as a check on the 
purity of the nitric acid. The results were expressed as grams of chloride (C\" ion) 
per 100 g. of sample. 

Later, when insufficient whey was available, determinations were done on the 
mixture resulting from the formol titration, containing 10 ml. of whey. In this case 
5 ml. tenth-normal silver nitrate and 5 ml. of nitric acid were added. To avoid ex- 
ce.ssive frothing due to the formalin, these samples were warme<l gently in a water- 
bath. The presence of the formalin did not appear to affect the results obtained as 
compared with those given by the usual method with 25 ml. of whey. For dealing 
with smaller amounts of whey, a finely graduated burette and more dilute standard 
silver nitrate and thiw.yanate solutions were' preferable. 

On some of the later batches of curd a chloride determinaMon was done on 10 g. 
of curd using 5 ml. of tenth-normal silver nitrate and 20 ml. of nitric acid. Rather 
longer heating was required to complete the digestion, after which the solution was 
diluted and titrated in the«u$ual way. 

Lacto&k : Determinations were done on buttermilks and on whey .samples 
obtained at intervals until all the lactose had been fermented. For this purpo.se the 
method of Lane and Eynon (1) was used as modified by McDowell (2). This method 
depends upon the treatment of a precise amount of Fehling's solution with a portion 
of the milk or whey sample and subsequent titration of the unreduced copper with 
standard lactose solution. The quantity of lactose solution equivalent to the Fehling'.s 
solution may be determined by a blank titration . Hence may be obtained the amount 
of standard lactose solution equivalent to the lactose in the milk or whey, and therefore 
the percentage of lactose in the sample. There are two steps to the determination ; 
first, an approximate titration to give a preliminary indication and secondly an accurate 
titration to give the precise result. Fat and protein need not be removed as in other 
methods provided the sample is sufficiently diluted with distilled water. Four solu- 
tions are required, and equal volumes of numbers 1 and 2 are combined to form Feh- 
ling's solution, taking care to pipette No. 1 accurately. 

1. Copper Sulphate: — ^Dissolve 34.639 g. of Analar CUSO4.5 H2O in 500 ml. of 
distilled water. This solution is the standard and must be accurately made up in a 
standard flask. 

2. Alkaline Tartrate: — ^Dissolve 173 g. of pure sodium |)otassium tartrate, and 
51 .‘6 g, of NaOH in 500 ml. distilled water. The equivalent amount of bi-potassium 
tartrate may be used. It is convenient to use approximate 50 per cent. NaOH solu- 
tion as this is carbonate-free and its strength may be estimated by titrating. 

3. Lactose, 0.5 per cent : — Dissolve 2.50 g. of lactose monohydrate in 500 ml. of 
water in a standard flask. This standard solution is best made up as required for it 
tends to grow moulds. 

4. Methylene Blue, 1 per cent.: — Diasolve 0.1 g. in 10 ml. water, by warming on a 

water . it is preferable for this solution to be faitly fresh . ^ 

With an accurate pipette, 5 ml. of solution 1 were measured into a 250 or 300 ml. 
conical flask and then 5 ml. of solution 2 were added by pipette, or burette (but not 
glass tap)., To the mixture, 2 ml. of the sample were accurately jApetted (less or 
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more according to the lactose content). After adding 10 ml. of distilled water, the 
mixture was heated quickly till it boiled. After boiling for two minutes, if reduction 
was fairly complete, 2 drops of methylene blue were added. Tf however, the colour 
indicated that reduction was incomplete, 2 to 3 ml. of lactose solution were added, 
followed by 2 drops of methylene blue. After .seconds more boiling, the fla.sk on 
stand and burner were moved to undenieath the burette, whence lactose solution 
was gradually run in, with 10 .seconds boiling Iwtween each addition, until the methy- 
lene blue decolourizefl and the liquid became bright red . 

As the meUiylene blue is an internal indicator, the colour change is sudden, from 
deep purple to bright brick red and is usually completetl with one drop of lactose 
solution. In all, the solution should not be iKiiling for more than five minutes. With 
experience, the analyst could tell approximately how much reduction had taken place, 
by the appearance of the solution when it was first boiled. The flask should not be 
heated directly under the burette for longer than is absolutely necessarv, especially 
in the final titration. 

For the accurate final titration, the same quantities of solutions and whey or 
buttermilk were pipetted out, but before lioiling, the standard lactose* .solution was 
run in to within 0.5 ml. of the amount already determined. 

'I'he mixture was boiled (away from the burette) for two minutes, indicator added, 
and then the remaining lactose .solution 'was added drop by drop while being boiled 
under the burette, until the end point was reached. 

The results were calculated as follows : - Tf A were the volume (ml ) of 0.5 per 
cent, lactose required for 10 ml. of Fehling's solution and H the volume required to 
complete reduction after adding X ml. of sample, then 1 ml of sample equalled 

^ ^ lactose .solution Therefore the lactose in 100 ml. of sample 

y 0.5 \s the standard .solutions were all made up from lactose mono- 
Indrate the results were expressed as grams of lactose inonohy<lrate per 100 ml 

NTtrogkn : (a) For Total Sttrygen the usual Kjeldahl method was at first 

used. In this 3 to 5 g. of well-niixwl curd were digested with 25 ml. of concentrated 
sulphuric acid and 5 g of anhydrous .sodium sulphate, using 1 ml of 5 percent, copper 
sulphate solution as catalyst. 'I'o ensure complete conversion to ammonia, care was 
taken to continue heating for fully an hour after the liquid cleared After diluting 
sufficiently the clear digest was made alkaline with about 00 ml of approximately 
50 per cent, sodium hydroxide .solution, and the ammonia distilled into 0 . 1 N. sulphuric 
acid. 'I’he excess acid was titrated with 0 . In rau.stic soda, using methyl red -methy- 
lene blue indicator, ifiank determinations were done with each batch, and the results 
expressed as grams of nitrogen per 100 g. of c\ird. 

Total nitrogen was done on the earliest batch of whey samples by tlie above 
macro-method using 10 ml of whey, but, as too much time w'as needed to deal with 
large numbers of samples, a micro-method was ust*d. The method adopted employed 
a slightly modified digestion mixture and the Parnas-Wagner Kjeldahl steam distil- 
lation outfit similar to that described by Clark (3) Either 1 or 2 ml. of w'hey was 
digestet.! with 1.5 ml. of concentrated sulphuric acid and 0.5 g. of sodium sulphate, 
with 40 mg. of mercuric oxide as a catalyst. The clear digest was dihitt^l, Iransferretl 
to the distillation outfit, and made alkaline with a solution containing 40 pier cent, 
sodium hydroxide and 5 per cent, sodium tliiosulphate. The ammonia was then 
distilled into 2 ml. of 4 per cent, boric acid solution and the solution titrated with 
0.02 N. hydrochloric acid using methyl red — methylene blue indicator. The acid was 
diluted as required, from 0,1 n. hydrochloric, which was chccketl by the usual silver 
nitrate method ‘The results were expres.se»l as grams of nitrogen per 100 g. of whey. 

(b^ Protein Nitrogen. In order to get an indication of the amount of protein 
which would be available as curd, the first samples of buttermilk were analysed for 
casein and total protein according to the method of Moir (4). Briefly the method is 
as follows - The casein was precipitated from 10 ml. of buttermilk diluted with water, 
by the addition of 1 .5 ml. of 10 per cent, acetic acid followed by 4.5 ml. of 0.25 n. 
sodium acetate ; after Altering and wa,shing, the nitrogen content of the precipitate 
was determined in the usual manner. 'The total protein was similarly precipitated 
from 10 ml. of buttermilk with 20 ml. of 10 percent, trichloracetic acid, aiid the mixture 
was warmed to 50®c. for a few minutes before filtering. 'There was insufficient time 
to carry out protein partitions on any of the later buttermilk samples nor upon the 
whey samples. 

(c) Amino- Nitrogen. To indicate the extent of protein decomposition, Sorensen’s 
“ Fomiol ” method was applied to 10 ml, portions of the whey. After titrating with 
0.1 N. sodium hydroxide to the first definite shade of pink (with 1 ml. of 1 per cent. 
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plicnolplithalein as indicator), 2 ml. of approximately 33 per cent. *' water white " 
formalin were added and the solution re-titrated to the same shade of pink. From the 
result was subtracted a blank done on 2 ml. of the formalin diluted to the same extent 
with distilled water. The first titration (without formalin) gave the acidity of the 
whey, but the.se values were somewhat erratic 

The so-called forihol figures might have l^een converted to the equivalent percen- 
tage of amino-nitrogen by using a suitable factor, but in the present work it sufficed 
to use formol titration to total nitrogen ratio. The figures so obtained were quite 
arbitrary but indicati'd the extent to which the total soluble nitrogen was becoming 
decomposed . 
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ADDENDUM 

(Received for publicatfou, 1st June. 194H) 

Since the foregoing was written we have had occasion to examine samples of curd 
which had not been successfully stored. On a farm in North Auckland 12 forty-four 
gallon drums were used to store curd prepared from skim milk. Seven of these were 
.successful, but the other five l^egan to ferment and putrefy after froth from skim 
milk had been added to them. In the following table are shown the most important 
of the analytical results. The wet curd from the bottom of the containers was drained 
by filtering, so that the curd portion an<l the whe\ portion could be analysed .separately. 
Sample A was from a drum showing considerable’ putrefaction, .sample H was moderate- 
ly a^ected, while sample C' was from a drum which appeared to lx? normal. For the 
jmrpo.se of comparison the results have lx*en adjusted to the average chloride content 
( .081 per cent.). 

A 13 (' 


1 )H of Whey 

5.5 

4.25 

4.0 

Acidity Titration (ml.O. t n. Na(3M for 10 ml. 

Whey) ... 

7.2 

25.2 

33.0 

Whey Nitrogen (g. N pei 1(K) g. Whey) 

0.584 

0.407 

0.382 

Formol Titration (ml.O. 1 n. NaOH for 10 ml 
WTiey) 

21.0 

9.4 

6.04 

Formol to Nitrogen Ratio, Whey 

36.0 

23.1 

15.8 

Percentage of Total Nitrogen in the Whey ... 

30.0 

21.5 

16.9 

Curd Brine to Whey Brine, Ratio ... 

1.08 

1.25 

1.31 

Curd Total Solids 

18.1 

15.9 

15.7 


The re.sults in the table .show a distinct difference and graduation from A to C. 
'I he Values obtained from the ratios of curd brine to whey brine confirm the rather 
scanty evidence about this point which was discussed in the section on curd analyses. 
Decomposition of the curd reduces the amount of chloride which can be associated 
with it. The use of buttermilk for the Featherston trials may account for the ratio 
there l>eing about 1 .2 as compared mth 1 .3 given by curd from drum C, prepared from 
skim milk. 

The total solids of the whey varie<l from 5.1 to 5 . 7 per cent . The nitrogen figure 
for the curd w'as betwe^ 1 .73 and 1 .89 per cent, while the percentage of nitrogen 
in the total solids of the curd was 9.5 in sample A, and in the vicinity of 11 .5 for the 
other samples. Sample A was grey in colour while the others were whitish . The dark 
colour was probably due to the presence of ferrous sulphide formed from the iron dissol- 
ved from the drums and hydrogen sulphide from the breakdown of the protein A 
positive test for sulphide was obtained from sample A, but not from the others. 

l‘he reason for the failure of A and B is as follows : -As the foam would resist 
attempt;s to mix it with the rest of threontenta pf the drum, the required acidity 
would not l>e quicktv developed. The lack of acidity, together with the plentiful 
supply of air in the foam, would i)ennit large numbers erf different t 3 q>es of bacteria 
to develop and attack th e protein . 1 n additi^ , when the putrefactive bacteria became 
sufficiently well establi^^ they would then produce Jess add conditions in the rest 
o£ the drum and sp aUow the putrefactive process to continue throughout the drum. 
This has obvioudy happen^ In sample A, and to a much less extent In sample B. 
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THE EFFECT OF SHEEP DROPPINGS ON YIELD, 
BOTANICAL COMPOSITION, AND CHEMICAL COM- 
POSITION OF PASTURE 

II. RESULTS FOR THE YEARS 1942-1944 AND FINAL 
SUMMARY OF THE TRIAL 

By P. D. Sears and V. C. (iooDALi., (irasslands Division, and K. P. 
Newbold, Plant Chemistry Laboratorj’, Defiartment of Scientific 
and Industrial Research, Palmerston North 

(Continued from Volume XXIV. No. lA, page 61a) 

{Recenrd toy fitibliaiiioit, tiifh April, I94fi) 


Summary 

Final results of a trial at Falinerston Xorth to measure the effects of sheep 
tJuiig and urine on pasture groulh and coin)M)sition are presented. I’relimi- 
nary data were given in a previous paper and this report covers the final three 
vears of the trial 

Grazing withoiil return of dung or urine resulted in an average production 
of 10,000 lb. of cIt\ matter per acre jier annum 'I'his was largdy the result 
of sustained growth of the clovers which uere adequately supplied with added 
phosphate aiul lime, but the growth of associatetl grasses was quite good. 

Keturn of urine resulted in an increast' in total drv matter production to 
the extent of 15 jier cent <iver no return, with a much higher proportion of 
grass in the sward. 

Return of dung gave a similar (18 jier cent ) increase m total dry matter 
production ’Phere was a progressive increasi^ in proportion of grass in the 
sward following the high pte|K»nderance of clovers in the early stages of the 
trial. 

Return of both <lung and urine gave an increase of 33 per cent, over the 
fKiriod 'Phe grass tiominance which ileveloped in the earlv stages of the trial 
increaseil during the final two N’ears. 

Chemical compositions of herbage, dung and urine are presented together 
with balances for nitrogen, |)otassiuni, phosphorus and calcium in fec^ and 
excrement 'Phe balances show reasonable agreement except in the case of 
nitrogen 'Phe possible souu es of error arc discussed 

Introdi’ction 

This pai>ep pix^sents tlit* final results of the trial previously described in 
a preliminary report by two of the present authois (1). 

In that paper the objects, layout, and measurement techniques were 
fully detailed, the literature was dismissed, and the results of the first 
18 months of the trial were presented. Subsecjuent minor alterations 
in the conduct of the trial are disc ussetl in the appropriate sections of 
this paper. 

Briefly the trial was designed to measure changes in sward com- 
j)osition and productivity of a mixed pasture grazed by wether sheep 
under the following systems of m.anagcment : 

(a) Sheep grazing with natural return of droi>pings (F.K.)* 

(b) Sheep grazing with no return of droppings (N.R.)* 

(c) Sheep grazing with return of urine only (U.R.)* 

(d) Sheep grazing with return of dung only (D.R.)* 


* The initials F.R.. N.K., IJ.R. and D.R. are used throughout the text in 
referring to the four treatments under trial 
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The pasture was sown in March, 1940, with a complex mixture of 
pedigree grasses and clovers. Superphosphate at 4 cwt. pier acre was 
applied at sowing down and annually thereafter in April. Carbonate of 
lime at 10 cwt. per acre was applied at the same time in alternate years. 
Collections of dung and urine were made by the use of the harness and 
containers previously described (2). 

Each treatment consisted of a pair of one tenth (tVi) acre paddocks, 
separately fenced, and so arranged that the block as a whole consisted 
of two comparable groups of four paddocks each. 

When the pastures were ready for grazing the sheep were put on to 
one set of paddocks and measurements made within this group. AfU\r 
grazing .was compileted the sheep were transferred to the similar treat- 
ments in the duplicate set of ])add<M:ks. Depending on growth condi- 
tions. the sheep were then either returned to their first set of paddocks 
or else removed from the whole area to await the next grazing. It will 
therefore be appreciated that although each treatment consisted of a 
pair of separate paddocks, these two are not true duplicates since they 
were never grazed simultaneously. The small differences which would 
result should, however, be evened out over several grazings, and for the 
four year period covered in the trial, the two paddocks of each pair may 
justifiably be considered as valid duplicates. 

For the first 2-3 years of the trial, grazings were carried out when the 
growth reached 2 to 3 inches and this was grazed down to about I inch in 
height. Due largely to shortage of collection gear, only small numbers 
of sheep were used at each grazing. Thus the management of the pas- 
tures was such as to produce gpod ryegrass-white clovc^r swards, and 
since the sheep were on the paddocks for a large proportion of the time, 
total collections of dung and urine for .the two paddocks of each treat- 
ment could be expected to be reasonably complete. 

Later on, ample collection gear became available, but because of staff 
shortages and overlapping the work with other trials, it became necessary 
to reduce the number of grazings so that the pastures were generally 4 to B 
inches in length at the beginning of each grazing. This change in 
management favoured the growth of cocksfoot which came into promi- 
nence in all treatments towards the end of the trial. On the other hand 
the more lax grazing management was no doubt detrimental to the full 
development of the ryegrass. During this period larger numbers of sheep 
were used for shorter times on the paddocks ; between grazings they were 
held with the general Station sheep on feed that was probably not quite 
as plentiful. The dung and urine collected during grazing of the pad- 
docks were probably not as true a reflection of the feed ingested as were 
the earlier collections. Also with the longer grass growth, some feed may 
have been wasted by trampling and fouling. The general overall effects 
of the treatments do not appear to have liecn significantly affected by the 
modification ; they are, however, probably the main reason for the 
poorer nutrient b^dances obtained in the last two years. 

Experimental Technique and Fertilizers 

Following the original dressings of 10 cwt. of lime and 4 cwt. of 
superjihospbate per acre at the time of sowing and a further dressing 
with 4 cwt. of superphosphate in. August 1941, the whole area was 
topdressed by hand as follows : — 

April, 1942 : — Superphosphate at 4 cwt. per acre plus carbonate 
of lime at 10 cwt. per acre. 

April, 1943 : — Superphosphate at 4 cwt, per acre. No lime. 

April, 1944 : — Superphosphate at 4 cwt. per acre plus carbonate 
of lime at 10 cwt. per acre. 
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Pasture yields were determined throughout by the use of protecting 
cages as previously detailed. After the sheep had been removed from 
the paddock, the protected herbage was clipped, by hand, down to the 
same height as the grazed herbage. 

Samples for botanical and chemical analyses were obtained by cutting 
60-80 individual areas (each of approximately 'M) square inches) per 
paddock prior to each grazing. These sampiles were then mixed and 
sub-sampled for analysis. Botanical analysis w^as made by direct 
dissection of the fresh herbage, the separations then being oven-dried and 
the composition determined on the dry matter basis, ('hemical com- 
positions of the herbage were determined by the methods j:)reviousl>’ 
described (1). Collections of dung and urine and their sampling con- 
tinued as previously described, but in addition, complete collections were 
made from two sheep on each treatment for the 1941-42 season, to give 
a check on the chemical composition of the excrements for the different 
treatments, as well as to obtain a balance between ingestion and ex- 
cretions for that period. The materials thus collected were measured, 
sampled and then returned to their appropriate paddocks e.g. on the 
full return treatment, two sheep only were collected from, and all collec- 
tions were returned, while on the urine return treatment the dung was 
collected from all sheep, but in addition two sheep were harnessed for 
urine collection and this urine was sampled and then retunied to its pad- 
dock. 

The chemical analyses of the dung and urint* followed the methods 
earlier described (1), but due to the very small amounts of calcium and 
phcKsphorus found previously in the urine samples, these constituents 
were not determined in the later stages of the trial. 

For the chemical analysis of the herbage, the dung and the urine, the 
samples were bulked in proportion to the yields for the several measure- 
ments made within the periods shown, and the analysis made gives a 
direct figure for each period. Each period shown tallies with completed 
grazings of the experiment as a whole. The botanical analyses were, 
however, of necessity made on each sample as cut fresh after each pad- 
dock grazing, and then the dry weight percentages of the species present 
were determined. The calculations of the botanical compositions as 
shown for the jieriods covered by the chemical compositions, have 
been made by calculating the total weight of the various species for each 
particular paddock within that period. After addition of the two sets 
of total species yields for two paddocks of each treatment, these were 
then calculated as percentages of the total dry matter yields for the 
four treatments, and thus the botanical and chemical analyses are on 
the same sampling basis. No adjustment could, of course, be made for 
the final laboratory moisture figure, but as this is very small in itself, 
no significant error is introduced. 

Results 

The data secured have been summarized into a series of tables similar 
to those in the earlier paper. These are shown in detail for the period 
covered by this report (22nd July. 1941, to 3()th May, 1944) but the 
totals quoted include also the results from 22nd July. 1940 to 21st July, 
1941. and quoted in the earlier paper (1). 
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Table I sets out the monthly mean figures for soil temperatures at 
the 1 ft, level and the total monthly precipitations, together with depar- 
tures from the previous ten-year averages. The relatively small overall 
range in soil temperatures (46-67°f.) together with the fairly even spread 
of rainfall, give a good picture of the excellent all-the-year-round growth 
conditions which normally occur at Palmerston North. The only out- 
standing feature of the weather for the period of the trial was the very 
hot autumn of 1944. At this time, high soil temperatures coincided 
with very low rainfall, and these conditions were reflected in much 
reduced pasture yields and a marked change in chemical composition. 


Table I. Mbtkokolooioal Data Krookurb at Orarslabds Divihiob, Palmerston North 
(Station situatad 10 cliaiuK from €)xp(<ri mental block) 


Mniitti. 

1 Soil Temperature at 1 ft. 

Rainfall (Inches). 

Mean for 

Month. 

De^rture from 
Ten Year 
Average. 
193(fe1940. 

Total. 

De^rtme fre 
Ten Year 
Average. 
1930-1940. 

1941 

®F. 





AllftUHt 

45.0 

- 

-1.9 

2 95 

—0.61 

Septcinlwr 

50.2 

— <».3 

2.92 

-0.14 

October 

53.9 

- 

-1.0 

5.19 

41.05 

November 

57.6 

* 

-1.4 

4.59 

41.60 

December 

62.1 

- 

-1..5 

4.62 

41.64 

1942 






January 

62. .> 


-3.7 

3.96 

41.18 

February 

63.4 

- 

-J.l 

3.43 

40.50 

March 

60.7 

-1 

1 0.4 

4.47 

f 1.05 

April 

.58.4 

1 


1.86 

—1.65 

May 

52.7 

H 

1.1 

4.93 

+i1!! 

June 

47.0 


0.0 

0.61 

--3. 20 

July 

48.2 

H 

h4.4 , 

5.46 


AllgUHt 

47.8 I 

H 

hO. 1 

i 2.88 

—0.78 

September 

51.2 

1 ^ 0.7 

! 4.04 

41.02 

October 

.57.6 

1 

1*2.7 1 

1 1.93 

—1.31 

November 

59.7 

-1-0.7 ' 

3.09 

40.10 

Decern i>er 

63.5 

fo.i ; 

1.65 

—1.33 

1943 

e 





January 

66.. 5 

H 

kO.3 

2.«M) 

—0.23 

Febniary 

66.0 

H 

-1.5 

5.75 

41.82 

March 

63.1 

H 

-2.8 

1.06 

—1.46 

April 

58.3 

H 

-2.1 

2.04 

—1.47 

May 

.51.8 

H 

-0.2 

1.83 

—2.20 

June 

49.5 

H 

-2.5 

6.59 

42.60 

July 

46.3 

H 

1-2.5 

4.22 


Augunt 

46.5 


-0.4 

2.63 

—0.03 

September 

50.9 

-hO.6 

6.70 

42.64 

October 

56.7 

4>0.8 

3.48 

40.24 

November 

60.8 

-fl.8 

1 1.97 

—1.02 

December 

66.4 

fO.8 

1.98 

--1.00 

1944 






January 

67.1 

4*0.0 

1.89 

—1.44 

February 

66.5 

•1 

2.0 

1.15 

—2.78 

March 

64.6 

M.3 

8.51 

40.00 

April 

69.7 

4*3.5 

3.35 

—0.16 

May 

52.0 

4-0.4 

1.25 

—2.28 

June 

47.4 

4-0.4 

3.11 

—0.79 

July 

46.5 

4-2.7 

1.67 

—1.08 


In Table II are shown the total dry matter jdelds as measured for 
each pair of paddocks within the treatments. Due to the fact that ail 
chemical determinations were done on samfdes proportionately bulked 
from both paddocks of each treatment, the figures shown in Table II do 
not take into account the final moisture content determined in the 
laboratory, analyses. The totals are therefore greater then those shown 
in subsequent tatdes by 3 to 5 pei; cent. Considering that the two 
paddoclc within each treatment are not absolutdy comparable because 
of the different' grazing tiifaes, the agreement in total annud productions 
is reasonaUy.good. The appended statistical analysis shows that the 
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treatment differences are highly significant between N.R. and F.K. and 
that U.K. and D.K. differ significantly from both N.R. and F.R., but 
with no significant difference in total productions between the U.R. and 
D.R. treatments themselves. The totals for the first year of the trial 
(22nd July, 1940, to 21st July, 1941) are included for completeness. 


TAitLK II. Total Dry Matter Yields op ]>i plkhtk 1*aimmk'ks 
Within Treatments for Periods Shom*x 

(All ligtireH In lb. D.M. ])i*r aero before laboratory ailjiisttneiif for ifhldii.il iiioistiire) 




YieltlK of 


Yields of 

'I'rfiitiiKMit. 

Date. 

PH<l(l<K'kK. 

1 Treat iiM'iit. j 


1 


i A 

1 

li 


! ' 

B 

Full 

22/7/40-21/7/41 

14936 

13666 

rriiie Return ' 

1 22 7/40-217/41 ' 12426 

13914 


! 21/7/41-2fl/rj/42 

14498 

16738 


, 21 7 '4 1-28/5 42 11712 

10844 


1 28/5/42-20/.'>/43 

13596 

14.343 


1 28 '5/42-20 /.5;43 14680 

12414 


20/.’i/43-:i0/.'i/44 

1.3974 

15250 


1 20.5/43-30/5/44 12928 

11325 


Total for 4 yoarti 

.57004 

50997 


I 'I'otal ff»r 4 y<*arH } 51746 

48497 


Averapto per year 

14251 

14999 


Average per year j 12936 

12124 

! 

! M(}an Aiiniinl Yb* 

l(lK 14625 


; Mean Anniial Vie|ld*< 12.5.30 

1 

N(» Return 

i 22/7/40-21/7.41 

13.53.5 

1067.5 1 

Dimg 

22 7/4D-2I 7 41 . 131.58 

1 2037 


' 21/7/41-2H^5/42 

11272 

9841 1 


1 21/7/41-28.5 42 126.59 

12322 


1 28/5/42-20/5/43 

9659 

957.5 ! 


28/5 ’42-20 5 48 13074 

13226 


i 20/5/42-.^)/.') '44 

10834 

11824 


20/5 '4.3-30/5/44 | 14233 

12513 


Total for 4 yrars 

45300 

41915 


Total for 4 veais ' .53124 

50098 

] 

Average |H*r year 

1132.5 

10479 1 

, Average per y«*ar 13281 

12.524 


Mean Atiiiiial Yie 

|l(l^ 10902 

1 

1 

, Mean Annual Yie ld<« 1290.3 




Analynhof Variance 




Total jyrff Matter Yield* of Jhtjdirale Paddock* mihht Treatment* (Tafde U) 


Source of Variation. 

Degrees of Frewloni. 1 

Mean .Sipiare - lO"* K. 

Bloekh 

1 ! 

I389(» 

Treatments 

3 

186742 15.446 

Years 

3 

5326 

Blocks X Treatments 

3 

12090 

Blocks X Years 

i 

1 2678 

Treatments x Year.’. 

9 

17420 

Bbx'ks '■ Treatment's x Years 

9 

131K)9 

Total 

31 

i 


Sigtdficatice of Differeace* hepceen Treatment Meatm 



Full Return. 

No Retiini. ' Crine Return. Dung Retiu*it 

Full Return 

No Return 

Trine Return 

- 

s.s. 1 S ' s 

— ' s s 

- i - 1 


Table III sets out the complete period totals for pasture productioii 
and the botanical and chemical compositions determined for those 
periods. The yields are totals (on a per acre basis) for the duplicate 
paddocks, and include all cuts actually made within each period. 

The seasonal variations in growth can be seen, although the periods 
are not of equal intervals such as would show this more clearly. The 
data have, however, been regrouped to show the point more clearly in 
Table VI. Similarly, variations in botanical compositions can be seen 
for each period. 
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The seasonal rise and fall of the proportion of ck)vcrs to grasses is 
clearly seen. White clover production is low during the winter and rises 
to a maximum during the October-December periods It is to be noted 
however that red clover declined markedly in importance after the first 
year, and showed up again only in the dry autumn of 1944. The increase 
in “ Other grasses ” is most marked and is probably associated with the 
change in management already mentioned. This increase was due 
largely to cocksfoot, the growth of which was most pronounced in the 
D.R. paddocks wliere grazing was not so severe from the beginning of 
the trial. Its growth was alsr) favoured by lack of competition from 
ryegrass during the early stages of the trial (1). 

When the ratios of total grasses to total clovers are com])ared, the 
position is even more clearly defined, as this eliminates the small pro' 
portion of weeds and the confusion of the various grass and clover species 
themselves. 

Considering the chemical compositions of the herbage, there are 
similar changes throughout the seasons depending, no doubt, largely 
on the proportions of grasses to clovers. Thus where the clover growth 
increases, there is a rise in the calcium figure. Potash is higher in both 
the K.K. and U.R. treatments throughout and is probaWy the result 
of the larger quantities of available potash returned in the urine. These 
treatments lunvever, show grass dominance as compared with the N,R. 
and the D.K.. and the average higher percentage of potash in grass is 
probably a contributing factor. 

The sciasonal variability* in chemical composition of pasture.s is well 
demonstrated in Table III. Thus the nitrogen (N) ranges from 3.16 
to 5.33 per cent., calcium (Caf)) from 0.66 to 1 .74 per cent., phosphonis 
(P2O5) from 0.54 to 1 .56 per cent, and potassium (KgC)) from 2.36 to 
4.86 per cent. It is obviomsly difficult to draw any simple conclusion 
fnim .such a variable set of figures, governed as it is by both botanical 
composition and growth conditions through the year. However, it is of 
considerable interest U) note the low percentages recorded in all treat- 
ments in the .summer of 1944 (the period 19th December, 1943, to 25th 
February, 1944), for all constituents other than calcium. 

Table IV sets out the annual totals for the four year period. Total 
yields of botanical and chemical constituents have been calculated from 
the individual cut yields and the analy'ses of the bulked samples for the 
periods shown in Table III. In Table V these total production figures 
have l>een reduced to percentages, whilst the -total dry matter produc- 
tions are shown as relative quantities when the mean annual yield of the 
N.R. treatment is equated to 100. Considering these two tables together 
it can be seen that the yield of the N.R. paddocks has remained fairly 
constant at between 10,100 and 11,000 lb. dry matter per acre. This in 
itself is a very high yield and clearly shows the growth capabilities of a 
soil under good climatic conditions wrhen good clovers and grasses are 
used and adequately fed wdth phosphates and lime. It is rather interes- 
ting that the annud yield of phosphorus is very close to the amount of 
phosphorus in the added superphosphate, but as there are no comparative 
plots without phosphate or without clovers, the value of these two in 
producing the strong growth of pasture as a whole cannot be assessed. 
Trials are at present under way at Palmerston North and Lincoln to 
obtain figures on this aspect. 
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Where urine and dung liave been returned, the increase in yield has 
been 15 per cent, and 18 ])er cent, respectively and where both were 
returned the increase was 33 per cent., a very interesting coupling effect, 
quite apart from the degrees of increase themselves. Urine stimulated 
the grass in the early stages of the trial but the grass to clover ratio 
subsequently declined. This may possibly have been due to the drain 
of phosphate in the discarded dung and to the fact that, although there 
was am])le nitrogen being returned in the urine, there was insufficient 
])hosphate apjilied as superphosphate to allow tlie grasses to take full 
advantage of the other nutrients. There is no definite evidence of this 
from the trial itself, but the decrease in the grass to clover ratio, together 
with the relatively low pli(js])horus figure for the herbage as a whole is 
suggestive. 

I'he dung gave no immediate stimulation to the grass constituents 
Init acted largely to give increa.sed clover growth in the early stages, 
riie grass to clover ratio later increased, presumably due to action of the 
less solubl(‘ nitnigen constituents, and also to transference in the soil 
of nitrogen compounds from the clovcr-nodules to the grass plants. It 
is seen that the ratio of grasses to clovers rose from 0.62 : 1 to 2.35 : 1 
over the four year period. The effect of returning the phosphate in the 
dung is reflected in the^ generally higher level of phosphorus than in the 
N.K. treatment where the botanical composition is somewhat similar, 
the average extra uptake of phosphorus being 27 lb. per annum. There 
is only a small difference to be seen in the total calcium figures, and 
])resumably the added lime gave adequate supplies of this to all treat- 
ments, irrespective of the (juanlities in the droppings returned. The 
potash totals and ptTcentages ap})ear definitely greater than in the 
NM. treatment, but are probably associated as much with the rising grass 
percentage as with the amount of returned potash in the dung. 

In the V.K. treatment there is an overall increase in the grass con- 
stituents, and while the proportion of clovers is much lower than in the 
N.K. treatment, the difference in absolute amounts is not as marked. 
The absolute uptake of nutrients is greatest in all the constituents 
other than calcium, of which the greatest amount was taken up in the 
D.K. treatment. In this latter, however, there was not only a much 
greater total amount of clover (with less grass competition due to the 
lack of urine nitrogen) but also a similar return of calcium in the dung. 

The seasonal spreads of jiroduction are shown in Table VI. The per- 
centage figures shown have been calculated directly from the data in 
Table III by a.ssuming that daily growth rates within a period were the 
same. By this means some period yields were divided to fit them into 
the seasonal groupings. This assumption is no doubt incorrect for 
single analyses, but probably gives a reasonable figure for the total 
four year period. 

It can be seen that there is a better seasonal spread with the higher 
yielding })addocks, although the figures are not as impressive as early 
observations and figures indicated. Possibly, however, this latter 
impression was confused by the absolute amounts of herbage available in 
the different seasons. There is also the strong possibility that the rye- 
grass element in the return treatments was somewhat inhibited in de- 
velopment by the more lax grazing management towards the end of the 
trial. This would affect the seasonal spread markedly because of the 
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lack of that species (ryegrass) which performs so relatively well in the 
late autumn and winter periods. It will be appreciated that the greater 
winter percentages and the better overall spreads of the higher producing 
paddocks is a factor of considerable practical importance. 

The outstanding feature of the whole set of figures is, of course, the 
general excellence of the spread in all treatments. Important as is the 
better spread of production when animal droppings are returned, the high 
productivity of the N.K. treatment when topdressed adequately with 
lime and phosphate and grown under good climatic ctmditions cannot 
be overlooked. Hie part played by the pedigree white clover growing 
under conditions which arc ideal for its full e.xpression, will readily be 
a])preciatcd. Trials are in progress to obtain measurements on this 
aspect and the effect on associated grass growth. 

There are, on the other hand, certain stock feeding difficulties aj)- 
parently associated With clover dominance (notably bloat), and thus the 
production record itself cannot be the only guide to the ideal pasture 
sward, which appears to have grass dominance as its main criterion. 


T\»m. VT. skasonai. sprkai) of Totai Dry Mattkr FROi»rt’TU»s for thk 
Treatmkxts over the Foi'r Year Terioo 
(All ylcltls as |U‘r eoiif. total auiiiial pnHliutioii of Drv Maltfr) 

~( ; > ■ ~ 


: , 

spriiiK 

1 mitiuont. 

! SeOHUi j 

( Ana.-Oet.) 

Full Hoturii 

1 


1(00-41 ! 

24.2 

1041-42 i 

2S.H 

1042-43 

30.3 

1043-44 

30.8 

j Wciizhtcd Av ’ 


, for 4 ycar-5 i 

28.0 

No Return 

; i 

1 


1040-41 1 

31 . 1 

1041-42 ! 

21.0 

1042-43 j 

20 7 

1 1043-44 1 

30 4 

! Weiuhted .\v. 


' for 4 years j 

28.3 

I'rine Rfhirn 

1 



1040-41 

20.0 


1041-42 

2«.2 


1942-43 ’ 

33.0 


1043-44 ! 

34.0 

■ WeiHlit4'cl ,Av. { 


for 4 years { 

29.8 

Duiui Rettirn 

; 


1 

1040-41 

28,1 


1041-42 ! 

22,,’: 


1042-43 ! 

33.0 


1043-44 ! 

.30.0 

! WelRhted Av. \ 


I for 4 years 1 

28.2 


Siiiiiiiier , 

Aiitunui. 

1 Winter 

(N<»v.-.Iau.) 

(Feb.- April) 

1 (May-.luly) 

32.0 

i 

34.4 i 

i 

0.4 

3:».8 ! 

20.0 1 

1 14.8 

.30.0 i 

28.7 

1 11.0 

1 

10.8 

13.0 

3,3.4 

•it) 1 1 1 

1 

12 3 

1 

! 

.38.0 i 

31.5 

2 7 

32.2 1 

32.3 

13.7 

30.1 ' 

20.5 

10.7 

41.4 , 

10.0 

0.2 

37.S : 

25 0 

8.0 

34.4 1 

32.0 

7.(» 

30.4 1 

24.0 

13 8 

30.6 i 

20.3 

0.5 

:{8.8 1 

15 5 

11.7 

.30.,'! i 

23.3 

1 

10.4 

30.3 ! 

20.0 

0.0 

34.0 

28.0 

14.4 

.33.0 ; 

21.1 1 

13.0 

30.1 

18.3 , 

12.0 

35.0 ( 

24.0 ! 

11.0 


In Tables VII and VIII are detailed the dung and urine collections 
and their analyses. Full collections were carried out on the N.K. treat- 
ment throughout, and also the urine and dung from the D.K. and N.K. 
treatments respectively. In addition, two pilot sheep were measured 
fully on all treatments for the 1941-42 season. The quantitative figures 
for the dry matter in the dung are related to the corresponding period 
dry matter yields of the herbage, but the ratios for longer terms should 
be taken to obtain a better figure for dry matter digestibilities. The 
quantitative figures for urine are much more erratic, and as would be 
expected, are more dependent on rainfall and surface moisture con- 
ditions. 
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TAWiE VTl. DETAHiH OF DUNO AND VRINK COLLECTIONS FROM THE 'rilEATMBMTS, 
FOR THE l^RTODS HHOWN 



Dung Collections. 

Uriix* Collections. 


Dry 

Chemical Comp, (wr cent. Dry Matter). 

Pounds 

Chemical Comp. 

PeriiKl. 

Matter 





— 

— 
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(per cent. Dr>' 


(PouiuN 


Sol. 
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Aon'). 

N. 

Ash. 
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P.o,. 

K,0. 


N. 

K,0. 
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75 

3.0 

13.6 

3.8 

3.7 

2.8 

721 

1.36 

0.06 

18/9/41 
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13.4 

4.3 

3.6 

1.7 

5202 

0.85 

1 .05 
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— 

— 

. 

-- 

— 

— 

— 

— 
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1 5 . 5 
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The chemical composition of the dung shows similar trends as does 
that of the pasture, although the total soluble ash figures are, of course, 
much higher. This is clearly seen in the phosphorus figure for the 1944 
summer period, where the extremely low figure in the pasture is matched 
by an equally low phosphorus content in the dung. 

As mentioned, the urine was not analysed for calcium and phosphorus 
due to its very low content. The figures for nitrogen and potassium 
show fairly wide differences, and this is probably a combined effect of the 
differences in composition of the ingested food and the dilution from 
surface and other water. 


Tabus IX. Balanobs between Mea8iiiiement8 of Hebdage Conbumku, and 
Nutrientb Passed bv the Animals 


Treatmfmi. 

Perifxl. 

Total Nutrients In PoundH per Aeiv. 

N. 

CaO. 

Pi« 

»• 

K«0. 

Full Keturn 

21/7/41-28/6/42 

In Herbage 

Dung 
„ Uffne 

702.2 

131.0 

:i84.0 

184.. 5 

166.4 

* 

171.0 

151.0 

• 

701.6 

67.0 

406.0 


Tota’H 

702.2 

515.0 

184. .5 166.4 

171.0 

151.0 

701.6 .564.8 


Per cent. Balance 

73.3 

00.2 

! . . «"•« 1 

80.5 

No Hetum 

21/12/40-21/7/41 

In Herbage 
„ Dung 
„ rriiie 

242.8 

! 

1 

67.8 

160.2 

! 

80.3 

80.8 

1.4 

67.7 

70.1 

1.3 

207 4 

28.2 

178.8 


Totals 

242.8 

237.0 

80.3 01.2 

57.7 

71.4 

207.4 207.0 


Per cent. Balance 

1 97,6 j 

102.1 

123.6 

00.8 


21/7/4'’l-28/6/42 

In Herbage 

1 „ Dung 

Urine * 

402.0 

76,4 

210.4 

154.0 

125.2 

116.4 

0^.3 

* 

408.5 

32.1 

274.0 


Totaln 

402.0 

286.8 

154.0 125.2 

116.4 03.3 

4I»8.5 .306.1 


Per cent. Balance 

68. 

2 

81.3 

80. 

2 

74.9 

! 

20/6/43-30/.'>/44 

In Herbage 
„ Dung 1 

Urine 

440.2 

60.0 
100. J 

142.4 

in.o 

« 1 

102.6 

80.0 

• 

321.7 

25.5 

101.3 


Totals 

449.2 

250.1 

142.4 111.6 

102.6 

80.0 

321.7 216.8 


Percent. Balance 

.57.7 

78.4 

78.0 1 

67.4 

Urhu* Return 

21/7/41-28/6/42 

In fierbag(‘ 

„ Dung 
„ Urine 

506.3 

i 

87.1 

301.8 

r'’" 

138.1 

i:g).7 

• 

114,6 

102.9 

• 

487.7 

41.5 

409.1 


Totals 

606.3 

388.0 

138.1 130.7 

114.5 

102.0 

487.7 450.6 


Per fjent. Balance 

76.8 

04.6 

80.0 

02.4 


21/5/43-30/5/44 

In Herbage 
„ Dim* 

„ Urine 

Pta* cent. Balance 

487.4 

i 

77.3 

t 

120.1 

113.4 
87.0 ^ 

100.8 

81.0 
73.8 ^ 

428.5 

30.3 

t 

Duiuz K«turn 

21/7/41-28/6/42 

In Herbage 

Dung 
„ Urine 

553.2 

88,r 

262.8 

170.8 

128.8 

* 

142..') 

109.7 

• 

473.8 

36.0 

820.6 


Totals 

553.2 

341,6 

170,8 128.8 





Per cent. Balance 

61.8 

76.4 < 




* Jfot determittsd In aimlysis, 
t NGurfoeool^octions. 
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The results in Table IX represent an attempt to balance the measure- 
ments of ingested and excreted nutrients. Figures are presented for 
three years on the N.R., with one year on each of the others. The N.K. 
data are calculated from the complete collections of dung and urine on 
this treatment, whereas on the others, the results are obtained by the use 
of two sample sheep. 

Tlie balances illustrate some of the limitations of the experimental 
techniqu(*. The constituents which are excreted almost entirel}^ in the 
clung, viz. c'alcium and phosphorus, show a reasonable degree of con- 
( ordance (from 75-102 per cent, for calcium and from 74-124 per cent, 
for phosphorus). 

Potash which is excreted to the extent of about 90 per cent, in the 
urine also gives balances in the same range (viz. 67-100 per cent.). The 
nitrogen balances are less satisfactory, the range being from 58-98 per 
cent. 

1'here are several possible sources of error in the measurements of 
both ingestions and excretions by the sheep which could, cumulatively 
or separately, account fc^r the differences found. These are 

# 

(a) The retention of some of the nutrients by the grazing animals 
for growth requirements could account for a small percentage, especially 
of the nitrogen. However, the sheep used were for the most part full- 
grown wethers and retention should not be great. 

(b) There is a strong possibility of some retention as dung or urine 
by tlie sheep, due to the fact that it normally took much longer to harness 
up the animals than to unharness them. It is likely too, that the sheep 
were emj)tier when they went on to the block than when they came off, 
since the |)addocks were not hard grazed at any time, while the sheep 
sometimes had come off fairly closely grazed areas. 

(c) Quantitative urine collection is a difficult and laborious task, 
ii point needing no elaboration to anyone who has attempted it. The 
fact that the balances for nutrients in the dung were better than those 
in th(‘ urine would suggest some loss of urine in the collection process 

Itself. 

(d) Urine samples held for analysis for periods of up to 2 months 
])robably lost some nitrogen as ammonia. Herbivorous urine soon 
i>ecomes distinctly alkaline in reaction and the loss of nitrogen as am- 
monia is suggested by the lower balance for nitrogen compared with 
potash. 

(e) There is the possibility of a constant over-estimation of the 
ingested herbage by the cutting in the field. Although great care was 
alw^ays taken to do the cutting and hand plucking of the enclosed herbage . 
dowm to the same stage as the grazing itself, this can be of course only 
an approximation. ' However, we feel that this point is not of such 
importance as the dung and urine losses, as normally such differences in 
cuttings tend to balance out over long periods. 

Considered as a whole however, it is significant to note that with the 
exception of the pho^horus balance for N.R. in 1941, all the balances 
"run the same way, and it is considered that the treatment differences 
can fairly be discussed in terms of pasture yields and compositions. 
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Discussion 

Most of the detail of the measurements in the trial have been dis- 
cussed (1), and also comments have been made on each table supplied 
in the present paper. There remain some points on the overall results 
of the trial which merit repetition. Firstly, there is the very liigh and 
sustained yield on the N.R. treatment over the four year |>eriod. This 
has undoubtedly resulted from the exceptionally good growth of the 
pedigree white clover used and the fact that it was apparently adequate- 
ly fed with the added phosphate and lime. Also because of the ap- 
parently high potash resources of the soil, non -return of this did not 
appear to cause any drop in production. Trials arc at present under 
way at Palmerston North to obtain more detailed data of the effects of 
limiting certain of the minerals in such a soil as well as the influence 
of the clover itself. 

Secondly there are the sustained increases in yield when the dung and 
urine are returned and the interesting combined total eflPect of these two 
together. The quick response by the grass to the return of urine is 
reflected both in the yield and composition. This effect, however, 
appears to have fallen off in intensity later in the trial, perhaps due* to the 
drain in phosphate of the removed dung, which could have made le.ss 
effective the nitrogen in the urine. However, there is no definite evidenct* 
of this from the trial results themselves. 

The effect of the dung is clearly seen with its relatively slow build-up 
of the pasture sward from the stage of clover dominance to one of grass 
dominance, although even in the later stages there were still })eriods of 
poor grass growth. The return of the dung resulted in no loss of soil 
nutrients which are normally in short supply, viz., calcium and phos- 
phorus, whilst an increase in soil nitrogen would follow both the strong 
growth of clovers and the more slowly available nitrogen of the dung 
itself. The lo.ss of the nitrogen of the urine was reflected in the relatively 
slower growth of grass 'but the withholding of potash w^as probably not 
continued long enough to effect any limitation of pasture growth. 

The trial does not give any clue as to whether or not the added pho.s- 
phate and lime was necessary or beneficial, but, as the average annual 
extra uptake of pho.sphorus was only approximately 27 lb. it certainly 
does not appear to have been so. 

Where both the dung and urine were returned, the total plane of pro- 
duction has been raised by 33 per cent., while the botanical composition 
is stabilized as a ryegrass dominant sward. The combined effect of the 
quick-acting urine and the slower but sustained dung effect is clearly 
seen. Again, there is no evidence of the real value of the added minerals, 
but it appeisirs probable that for the grazing conditions of this tn*atment, 
much less added phosphate and lime could be used without loss of pro- 
duction. This, however, would need to be worked out under actual 
field trial conditions, using different classes of wet and dry stock with 
their varying mineral requirements for growth or production. 

It is of interest to consider the nutrient turnover in the F.R. pasture 
and the manurial values determined for the mature dry stock used in the 
trial. For an average annual pasture yield of 14,000 lb. dry matter per 
acre, the quantities of the nutrients contained in the pasture sward 
expressed in terms of fertilizers are as follows : — 

Nitrogen (N) equivalent to 27.9 cwt. sulphate of ammonia. 
Calcium (CaO) equivalent to 2.4 cwt. carbonate of lime. 
Potassium (KgO) equivdent to 17. 1 cwt. 30 percent, potash salts.*, 
Phosphprus (P 2 ^ 6 ) equivalent to 6.5 cwt. superjihosphate. 
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Of this amount, using dry sheeji, and subject to the errors of the 
trial, we accounted for the following amounts actually contained in the 
dung and urine : — 

Nitrogen (N) equivalent to 20.5 cwt. sulphate of ammonia. 

Calcium (CaO) equivalent to 2.2 cwt. carbonate of lime. 

Potassium (KgO) equivalent to 13.8 cwt. 30 percent, potash salts. 

Phosphorus (P2O5) equivalent to 5.7 cwt. superphosphate. 

As mentioned in the text these calculations are from the two pilot 
.sheep on the F.K. treatment for the 1941 season only. It can be seen 
that much higher figures were obtained on some of the other blocks, 
but even so the amounts as shown do give a striking picture of the 
manurial value of, and the great need to utilize to the fullest advantage, 
the dung and urine [produced by the grazing animal. 

Looked at from the angle of the nutrient drain under conditions of 
no return of dung and urine, the quantities removed pier acre pier annum 
are as follows. For the average annual pa.sture yield of 10,600 lb. of 
drj" matter, with a different botanical and chemical conqiosition, the 
<lrain in terms of fertilizer is : — 

Nitrogen (N) equiv’alent to 20.6 cwt. .sulphate of ammonia. 

Calcium (CaO) equivalent to 2.7 cwt. carbonate of lime. 

Potassium (KgO) equivalent to 1 1 .9 cwt. 30 percent, jiotash salts. 

Phosphorus (P.2O5) e(|ui valent to 5.3 cwt. superjihosphate. 

'riie fact that the above trial was carried out on soil originally high 
in soil nutrients and under good climatic conditions undoubtedly accounts 
for the high yield of [ilant nutrients, and the practical interpretation 
of the results of the experiment must be made accordingly. 

Thus it would be expected that the effects of dung and urine would be 
more marked on land which is not adequately supplied with the nutrients 
considered. This applies not only to the phospihate and lime which were 
applied liberally to all treatments of this trial, but also to the pota.sh 
which apparently was satisfactory^ in the .soil worked on. but wliich is 
piasscd in such large quantities through the soil-plant-animal cycle. 
Provided that other nutrient requirements are reasonably well catered 
for, it \vould appiear from this trial that the nitrogen-fixing capiacity of 
vigorous clovers is adequate to support good grass growth without 
nitrogenous topdressing, cxcepit for particular out-of-.sea.son needs. 
Trials are at present under way at Palmerston North to measure the effect 
considered in this trial, on jiasture devoid of clovers, and on piastures 
of grass and clover not supiplied with fertilizers as was this trial here 
reported. 

For the overall jiractical impilieations of the effects of animal excreta 
on the pasture and the need not only for efficient conservation but also 
for a grazing management which will ensure the best redistribution 
on the farm, we refer to the foreword in the original pajier. 

There is little doubt that in New Zealand, both on flat land and on hill 
country, there is ampile scope for impirovements in grazing piractices 
centring round the need to obtain the fullest redistribution of animal 
droppnngs. This w'ill only come about when the farmer himself is made 
fully aw^are of the enormous fertility value of the excreta pa.sscd by the 
grazing animal. Linked with this would be carefully considered feeding 
out of silage, hay, and forage cropis so that parts of tlu* farm are not 
depilcted of soil nutrients, without thought or care being giNvn to the 
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manurial return. Also, greater attention would be given to the fertili- 
zer pn)gramme both on hill and flat country where, because of the 
grazing habits of the animals themselves, soil nutrients are transferred 
as dung and urine from one part of the paddock to another or from one 
part of the farm to another. 

In all .such cases, it follows quite logically that the a])plication of 
fertilizer “from the bag” should be made to the depleted areas. 

Tt is only by following such practices that balance is secured in the soil 
fertility level both of the paddocks as units, and the farm as a whole. 
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FERTILIZER BY FUSION OF ROCK PHOSPHATE WITH 
GREENSAND AND DOLOMITE 

By J. J. S. CoRNES, Dominion Laboratory, Department of Scientific 
and Industrial Research, Wellington 

(Received for pubheatum, 8th September, 11)47) 

Summary 

Fusion, under reducing conditions at comparatively low leinperatuies, 
of rock phosphate with approximateh its own vs^eight both t>f roasted green- 
sand and of limestone or dolomite, pnxiuces a soluble sihco-))hosphate slag 
com})arable in composition with liasic slag, and containing also a small pro- 
portion of available jxitash. '1 his slag can also lie used to cause " reversion " 
of superphosphate 

Introduction 

The recent discovery' by Maepherson (1) of a very large and accessible 
deposit of glauconitic rock in the North Island (at Otaihanga, near 
Paraparaumu) revives interest in the po.ssible use of .such greensand as 
a source of potash. Glauconite, of which high-grade greensand is almost 
entirely composed, is a silicate of iron and potassium containing approxi- 
mately 20 per cent, of ferric oxide, 6-8 per cent, of potash, 50 per cent, 
of silica and 10 per cent, of combined water with minor amounts of 
alumina and magnesia. Roasting at SOO^c. increases its potash content 
and prevents " sliming ” in grinding, by expelling combined water. 

Many attempts have been made to extract potash fropi greensand, 
varying from decomposition by sulphuric acid (2) to fusion \rith lime- 
stone and salt, while there have also been many attempts to make the 
phosphoric acid of rock phosphate more available to plants, ranging from 
the tn^tional use of acid to fusion with alkali or natural silicates such 
as olivine rock (3). However it seems from the literature available, that 
there has been no attempt to incorporate both the potash of glauconite 
and the {phosphoric acid of rock phosphate into a soluble silico-phosphatc 
slag by simixy using the greensand as a flux for the rock. 
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Experimental 

By preliminary small fusions of Nauru rock-phosphate, high-grade 
roasted greensand and marble with an oxy -acetylene torch on a graphite 
crucible-lid, it was found that, when the proportion of calcium carbonate 
was gradually increased to slightly more than one part by weight to one 
part greensand and one part rock, the mixture, while still readily fusible, 
gave a glassy green slag (containing occasional small globules of iron) 
which was now easy to grind, alkaline to phcnolphtlialein. and com- 
j)letely soluble in cold 2 per cent, citric acid solution. When the crushed 
slag was added to water through which was passed a slow stream of 
washed COg, apj)roximately 16 per cent, of it, with a corresponding 
}U()portion of the phosphate, passed into solution overnight. This 
suggested the possibility of forming, under reducing conditions, at 
temperatures apprciximating those of a Portland cement kiln, a soluble 
slag comparable in PgOs content with a good basic slag, and containing 
in addition about 2.5 per cent, of potash (K 2 (^). 

It wTis found also that wdien dolomite replaced limestone in the 
mix rather less was needed and the mixture scjemed more fusible. 

Larger Fusions. 

Larger quantities of mix (about 45 g.) were next heated, under more 
controllable conditions, in a fireclay crucilile within a gas-fired ash-fusion 
furnace. Tw'(» experiments were then carried out (a) in wdiich 
1.1 parts of marble, (b) in wdiich 1 ])art ('ollingwood dolomite, wTre 
heated with I part each of roasted Otaihanga gr(*ensand and rock phos- 
phate, in a reducing atmosphere to 1,400 c. I here resulted a very 
mobile slag (h'ig. 1) cooling to a yellow^ -green translucent glass, w^hich 
crushed to a very light green colour. In the standard A.O.A.C. test 
for citric acid solubility of phosphatic slags, in (a), 6.6 per cent, and in 
(b), 2.2 per cent, of the slag remained undissolved. These residues 
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contained approximately: (a), 15 percent, and (b), 5 per cent, of the total 
PgOg, but no silica. The insoluble residues thus consisted, not of slag, 
but of the coarser particles of phosphate-rock, which had not been 
taken up and absorbed in the melt, and so later remained when the 
silicate slag itself dissolved in acid. On similarly heating another mix 
(containing 1 part dolomite) after first grinding its rock i>ho.sphate to 
pass a No. 1(K) British Standard Sieve, over 98 per cent, of the resulting 
slag passed into colourless solution while the residue contained much 
less than 2 per cent, of the total PgOg (which amounted to 13,6 per cent, 
of the slag). Thus the first requisite for solubility is that the rock 
phosphate be thoroughly dissolved in the slag, making the slag itself, 
and with it the contained phosphate, entirely citric -soluble. Possibly 
a second essential, were the slag made in larger bulk, would be .sudden 
cooling to prevent recombination of fluor-apatite. 

Oxidizing and Neutral Conditions of Fusion. 

Since it was found that the total p 2()5 content of the slags formed 
under reducing conditions as above was approximately only 85 per cent, 
of the amount expected, an attempt was made to reduce this loss of 
phosphorus through volatilization by heating the mixture (1 part dolo- 
mite) to l,4()0'^c. in an oxidizing atmosphere. The hot melt, which was 
now much less mobile, cooled to a duller and less translucent glass, 
somewhat vesicular, and of brown colour on crusliing. In this slag, 
total PgOg amounted to 14.6 per cent.- about 95 }>er cent, of the 
calculated valuc—but in the citric acid test only 72 per cent, of the slag, 
passed into yellowish solution, and the 28 per cent, residue was highly 
phosphatic. Even when the same njixture was heated in a neutral 
atmosphere to l,400®c., the dull glass produced, which was slightly 
magnetic, and blue-grey in colour when ground, was almost equally 
disappointing in solubility. It appears that the greater fluidity and 
therefore greater dissolving power of the hot ferrous silicate slag pro- 
duced under reducing conditions is essential for the absor|)tion of the 
phosphate and for the citric solubility of both slag and contained phos- 
phate. That only the ferrous slag is citric soluble is also shown by 
heating some of the crushed green glass in air, when it turns red by 
oxidation, and becomes quite insoluble. It is perhaps significant that 
in basic slag itself there is actually more ferrous oxide than here, as 
shown in the following comparison of the comiK)sition of an average 
basic slag (4) with that of the slag formed by fusing equal parts of rock 
pho.sphate, roasted greensand and dolomite in a reducing atmosphere : - 



Basic Slag 

Silico-Phosphate Slag* 

CaO per cent. 

42 

31.1 

MgO „ 

6 

8.3 

AlfO, ,, 

2.5 

3.0 

FcjO, „ 

8.5 

0.9 

FeO 

13.5 

8.3 

SiO, 

8 

30.2 

P,0, 

15 

13.5 

K,0 

Nil 

2.3 


♦ Made by fusing together, without precaution against loss of phosphorus 
through reduction and volatilizaticm, equal parts Nauru phosphate, roasted 
Otaihanga greensand and CoUmgwood dolomite. 
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Low Melting Point under Reducing Conditions. 

As the preliminary experiments described above indicated that 
reducing conditions are essential, further investigations were confined 
to these. The melting point in a reducing atmosphere for a mix con- 
taining 1 part dolomite as determined on a cone of the material by 
optical pyrometer and Seger cones, was under l,250°c. This suggested 
that perhaps l,4(K)°c. was an unnecessarily high temperature for fusion, 
though still low compared with the 1,450"-1,550'"(:. required for fusions 
with olivine rock (3). When, however, such a melt was held at l,3()0°c. 
in reducing atmosphere for half an hour, it was found not to be fluid, 
the resulting glass was only 88 per cent, soluble, while the 12 per cent, 
residue contained at least 25 per cent, of the total P2f)5. It thus seems 
that a temperature of 1.35()^-l,450°c. is actually needed, not perhaps 
directly to break up the insoluble fluor-apatite molecule, but rather 
to make the slag sufliciently mobile to attack the pJiosphate and thus 
di.ssociate it. It is likel}’ that a small proportion of boric acid in the 
mix (added as borax or as boron -containing coal-ash) could be used 
to lower this temperature considerably, so long as it did not make the 
molten slag to(» aggressive t<» funiace linings, or the re.sulting glass 
insoluble. 

Potash Content 

The KgO content of the soluble slag was found to be 2.25 per cent, 
wliile 1 .4 per cent, could be extracted with cold 5 per cent, acetic acid. 

Reversion 

The alkaline soluble slag causes complete reversion, when mixed, 
warm and moist, with an equal weight of supeqihosphate. The resul- 
ting compound contains 17-18 percent. P2O5 and slightly over 1 percent. 
K./) witli 15-16.5 per cent. PgC^s citric soluble, and is thus superior 
to the serpentine sufierpliosphatc (5) ])reviously suggested by the author, 
in that it contains slightly more 1^)5 appreciable amount of 

potash. 

Pot Tests 

Outdoor ])ot trials were carried out with the .slag using blue lupins 
in Maunu (N. Auckland) basalt soil (kindly supjflied by Soil Bureau. 
D.S.I.R.) which is somewhat phosphate-fixing, although fairly fertile. 
The trials were done in triplicate while the control pots contained, like 
the others, 0.5 g. ammonium nitrate plus 10 g. calcium carbonate. 
Although, as indicated in Fig. 2, phosphate -response was not high, 
it showed up at least as well for slag as for superphospliate or serpentine 
superphosphate, (A remarkable feature of these trials on Maunu soil, 
in spite of liming, was the uptake i)f manganese in all four cases > namely 

0. 4-0. 5 per cent. Mn on the ash, or 400-500 parts per million on dr\’ 
weight.) 

Conclusions 

1. It seems that reducing conditions are required for producing, at 
comparatively low temperatures, slags of high citric solubility. Such 
conditions involve increased danger of loss of phosphorus, but in the 
Tennessee Valley Authority fusions of rock phosphate and olivine rock, 
where the carbon of the arc and furnace linings gave reduction at 1 ,450""- 
1,550V.., this loss was prevented by continuous working of the furnace, 
so that a cover of unfused charge above the molten ;natorial acted as 
an ^sorbent trap for vapours of P or PjOg (3), The danger of loss is 
also lessened in our case by the lower fusion temperatures permitted. 
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2. The incorporation of a small percentage of potash in th(‘ slag not 
only increases its value as a fertilizer but is also helpful as a flux ; indeed 
perhaps the main advantage gained by including greensand in the fusion 
lies in the possibility of producing at moderate temperatures and from 
plentiful native materials, a citric -soluble slag not unlike the best basic 
slag. This is the form of fertilizer in which plH)sphate is likely to be 
most effectively and economically expended, especially for ])asture on 
acid, magnesia deficient, or phosphate-fixing soils- -a claim which can 
be tested by producing the slag in quantity sufficient for pot and field 
trials. 

Kvidenck of Mobility of the Slag Durixc; Frsiox 

Indication of the highly fluid nature of the slag at c. is its 

invasion of the s]mn fireclay-and-grog material of the assay-crucible, 
as illustrated in Fig. 1 where crucible and contents have ])e(jn cool(‘d and 
then broken across. 

Pot Test, Using Bli-e Lupins 

(irowth outdoors in A^'eHington in 3 months August-October. 1947, 
with 0.75 g. of each fe^^izer per pot of 500 g. soil. 

A C K N O WLE I >G ME NT 

The writer wishes to thank the Dominion .\nalyst for permission 
to publish this paper. 
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REVIEW 

SVALOF 1886-1946; HISTORY AND PRESENT PROBLEMS 

Edited by A. Akertnan, Ph.D., O. Tedin» Ph.D., K. Froier, Ph.D. Etiglish 

Technical Editor, Dr. \i. O. Whyte. Lttnd, 19^. 30s 

“The jjurpose of the is to present the activities of the 

Swedish Seed Association in the hope that sucli^ a presentation may intensify 
the international connexions of tiie association." In these words Lindlx^rg, 
after outlining the work of the Cereal and Chemistry Laboratories, returns 
to the theme of the preface in which the editors stress the value of personal 
contacts between plant breeders from different parts of the world. 

As the Swedish Seed Association was founded in produce crops and 
Iiastures esixjcially adapted to Swedish conditions, the pai>ers outlining the 
practical achievements in individual crops are of limited interest to us in 
New Zealand. Of considerable interest, however, are the general paiiers 
which outline the history and, to some extent, the theory of the breeding 
methods employed at Svalof : 

The Breeding of Self-fertilized Plants by Crossing, by A. Akerman 
and J. MacKey, 

Natural Selection and the Breeding of Cross-fertilized Plants, by (j. 
Nilss<in-Lcissner. 

The Cyto-Genetic De|>artment, by A Levan. 

Experiences from Work with Induced Polyploidy in Cereals, by A. 
Muntzing. 

Mutation Work at Svalof, by A. (iustafsson and J. MacKey. 

These authors are all well known for their papers in many scientific jour- 
nals, and those accustomed to follcnv their work may be disappointed by 
the brevity of the theoretical discussions. For example, Akerman and 
MacKey’s condensed account of the effect of Rasmusson’s interaction 
hypothesis on the interpretation tif frequency curves of yield data would only 
confuse readers who were not familiar with the theories discus-sed, while 
failure to mention dbvelopments of the interaction hypothesis later than 
those of Rasmusson, raises doubts in the minds of others. However, the 
accounts given show the way in which methods now used at Svalof have been 
develoiied and how the practical breeders of Svalof make use of recent 
advances in cytology and genetics. How they also contribute to advances 
of fundamental theory is not discussed, but the bibliographies, especially that 
at the end of Levan’s article on tlie w’ork of the Cyto-Genetic Department, 
list theoretical and practical papers by members of the staff. 

As a means of strengthening international ccmtacts, the final paper, dis- 
cussing the availability of publicaticms from Svalof, is useful. 

The English translation has been made with great care and the lH)ok is 
excellently printed and produced. 
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STUDIES IN MONOZYGOTIC CATTI.E TWINS: 

I. ORCiANIZATION OK TWIN COLLKCTJON 


Hy John Hancock, Ruakura Animal Research Station, 
Department of Agriculture, Hamilton 

{ hU’trtvcd forptihlmtitint, S April, !UVJ) 


Summary 

'I hr organization <»f twin rollertion work at tiu* Knakura Animal K'*- 
srarcli Station is flrscrilKnl. 

(2) In hvr voars, I944*H a total of 222 s<*ts of monozN tjot ic twin.-N liavc hrrn 
kn'atrd This annual niimln'r of 40-S0 sids is adeifuatr to ]ustify large scale 
use of monozygotic twins for ex|K‘ri mental studies 

h'<) MetluKls of calculation of fre(|uenc\ ol monozvgotic twinning are 
described with reference to data of Johansson and lionnier Frecjnencc 
rates are showm to be of major importance in twin collection work 

^4) The relation of distance, sex. colltM:tion methcxls, and \ear to the ratio 
of monozygotic twins in the in,s|HH'ted sample of cattle twins is discussed, 
in view of the us<*fulness of such dfita to w’orkers attenijiting twin collection, 

(5) iiire<‘ factors on the organization side are essential to successful twan 
coUcTtion; (i) A relativ«*l\ concentrated eattle population: (li) Full time 
resjionsibilitv of a specializeil w'orker; (iii' !•'nthusiastic farmer ro-operation. 


“.I jimdamental characteristic of liviiifu organisms is that thev arc alike 
in general plan, and different in detail. There are tivo corresponding srhooLs 
of biologists, one of which emphasizes the average, and the other, the individual 
and partieiilar. The rapid development and diffusions of statistical techniques 
in the biologU as will as in the physical sciences, tends to emphasize the average 
and the general’ on the other hand, great discoveries and concepts of biology have 

resulted from scritiinv of the individual, of the drUvl ” 

S Krodv * 


Introdittion 


Thk difficulties of contnJled experimental work witli cattle, spring; 
mainly from two sources: (1) The inherited variability in most econo- 
mically important characteristics, and (2) their great size. For prac- 
tical reasons their size prevents the inclusion of a sufficient numlx'r 
of individuals to level out the uneveness of the experimental gioups 
due to the great natural variability of the animals concerned. Thus 
sampling errors tend to be excessively high. The advent of modem 
statistical methods strongly empha.sises this dilemma. In consequence. 


Bioonergetif's and Growth (I94S) 
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tlic general tcndenc}^ of recent years has been for a research worker on 
cattle to concentrate on large scale field investigations rather than on 
controlled experimental work. However useful as indications to a 
problem tlic results of such survey work may be, they are often mciclj^ 
descriptive of a general situation and rarely gauge the effect of a specific 
factor, or a combination df such factors t)n a cattle population. Only 
the direct experimental approach can yield a precise analysis of par- 
ticular’ causes and their effects. 

Some of the success of plant rescnirch work can be attributed to 
the fortuitous .situation that pure lines and clones have been available 
as experimental material. Such pure lines occur naturally in the form 
of self-fertilized ])lants. Some plants which normally are cross fer- 
tilized can be artificially self -pollinated. By this method, pure lines 
which do not occur spontaneously can be obtained rapidly. A com- 
parable situation yielding homozygotic experimental material as cloni‘s 
is obtained by grafting, budding and by other methods of vegetative* 
reproduction. Although pure lines of the higher animals can be pro- 
duced, the difficulties are unfortunately great(*r than with ]>lants. This 
is mainly due 'to three factors: 

(1) Self-fertilization is not possible. 

(2) intervals between generations are long. 

(3) Co.st of keeping animals compared with plants i.s gr(*at. 

That pure lines of mammals can be jiroduced, has been shown by 
the success obtained w’ith the Wistar Institute Hat, by King with mice* 
and Wright with guinea pigs. Some progress has also been mad(* with 
pigs at Cambridge and at T.S.A. experimental stations Howevei, 
in spite of the evidence that inten.sive inbreeding is not ntressarily 
detrimental to the vigour of animals, it is not likely that 100 per cent, 
inbred strains of dairy^ cattle will ever be approached, riiis becomes 
clear when it is considered that it would take ten generations or at 
lea.st forty years, to obtain a line «)f cattle with an av(*rage inbreeding 
of approximately 87 per cent. (1). Many such lines may have to be 
.started to find the one capable of development. In any (*vent, animals 
of only one such line w'ould be (rf limited usefulness for work on econo- 
mically important problems, .since, through .such a line, the respon.se of 
various environmental factors can be measured on only one specific 
genotype. It aj)pear.s to be an almost impossible task to develop 
several such lines, each one representing a certain h*vel of inherited 
productive capacity. 

In view of these difficulties it is the more fortunate that artificial 
production of pure lines of dairy cattle need ne\'er be undertaken as 
their equivalents occur naturally as monozygotic twins. 

The occurrence of monozygotic twins in man has been known for 
a long time and their potential usefulness as material for studies of 
genetical problems has been widely recognized (2). Although five sets 
of presumably monozygotic cattle twins liad previously been described 
in the literature, it was not until 1982 that Kronacher (3), in an exhaus- 
tive study of 35 sets of like-sexed twin.s, finally demonstrated that 
monzygotic twins cU) occur in this .species, Kronacher (4), summariz- 
ing his work, described 11 sets of monozygotic twins. Haak (5), 
described another eight sets. Chapman ei al, (6), described one set and 
Lush (7), and Dcakin (8), one each. Bonnier (9) (10), began research 
ipL cattle twins in Sweden in 1937 and in the four years 1941-4 he 
acquired for the Institute of Animal Breeding at Wiad, 34 sets. 
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Impressed by the possibilities arising from Bonnier*s i)ioneer work, 
and following a visit to Sweden in 1938, McMeekan (11), initiated a 
search for mono/.ygotic twins in New Zealand in 1941. On behalf 
of the Buakura Animal Kesearch Station, Dry of Massey College as- 
sumed re.sponsibility for the North Island, and McMeekan for the South 
Island. Ruakura was able to receive one set of twins and one set of 
triplets in 1942, and four sets in 1943, mainly as a result of Dry's efforts, 
rhey were acquired when a few days old. Alt(igether Dry located 
12 older sets up to 1944. In the South Island, thirteen sets of like- 
sexed twin calves were examined, none proving monozygotic. One 
set of four-year-old Shorthorn cows w^as located. Work was abandoned 
in the South Island because of the few dairy cattle available and the 
wide di.spersal of the cattle population necessitating excessive travel 
under war-time conditions of transport. In 1944 the Ruakura Animal 
Research Station decided to begin a drive to a.scertain whether a suffi- 
cient number of monozygotic twins could be acquired to make long 
term research, using such animals as material, a worthwhile under- 
taking. Though results had been di.sappointing to date it was con- 
sidered that special organization on the ])art of a full time worker might 
give more promising results. The author was made responsible for 
tlie project. 

Method oe ('oelectiox 

T1h‘ advantages and difficulties of collection (»f twins under New 
Zealand conditions can be appreciated onlv if some of the peculiarities 
of the New Zealand dairy industry are considered. Because the dairy 
farmers of the North I.sland, where ov(‘r 80 per ('cnt. of the cows are 
located, rely almost exclusively on grass and gras.sland products as fodder 
for their cattle, the calving sea.son is restricted to a relatively short 
])(Tiod in the early Spring. The shortness of the calving season has 
two advantage's from the point of view of c(»llection of mom)zygotic 
twins: 

(1 ) 'I'win calves collected in any one year are nn)n* or less of the same 
‘ip- 

<2) 'riie work of collection docs not necessarily interfere with other 
activities of a research weaker as wenikl be the case if calving were 
distributed evenly thremghout the year. 

It is easy te) understanel that as the calving season is the busiest 
time e)f the year fe)r a dairy farmer in New Zealand he canne>t under- 
take any tasks which are not strictly nocessaiy' to the ordeiiv running 
of his farm. He cannot be expected to keej) twin calves ffir inspection 
longer than the four da\"s for which the law re(]uires him to hold all calves 
before he sends them to the freezing works. It should be noted that 
most twin heifers and all twin bulls fnmi commercial herds are disposed 
of as bobby calves ' or veal, wiien 4-7 days old. liarly season twin 
heifers may be kept f<a* replacement purposes and the famier generally 
insists on having these inspected as soon as possible, so as to know' 
how many more heifer calves he must retain should the inspected animals 
prove monozygotic and be sold for experimental purposes. As the 
majority of farmers are not prepared to make arrangements to send 
twin calves by rail, owing to the extra trouble involved, these must 
be collected on the farm. 

In view of these difficulties wdiich w’ere increased by w ar-time trans- 
port shortages, it w^as decided to make an attempt to inspect twdn calves 
upon their arrival at the freezing works. The Ruakura Animal Re- 
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search Station is situated near Hamilton in the midst of one of the most 
intensive dairying areas in the world. A circle, with Kuakura as centre, 
and with a radius of twenty miles, includes approximately 160,000 
dairy cows in milk or approximately 10 per cent, of the whole dairy cow 
population of the Dominion. A circle of forty miles radius includes 
320,000 cows (12) (see Fig. 1). Most of the surplus calves from this area 
are slaughtered at the Auckland Farmers' Co-operative Freezing Works 
at Horotiu, situated ten miles from Kuakura. The arrangement for 
collection and transport of the calves are made by farmers’ co-operative 
organizations known as Bobby Calf Pools At these works, 170,(K)0 
calves are slaughtered annually, and as dairy farmers in New Zealand 
keep approximately 20-25 per cent, of all calves for replacements, 
this represents a dairy cow population of at least 230,000 cows. 
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Through advertisements, and articles in the local pre.ss and agri- 
cultural journals, and per medium of the radio, farmers sending calves 
to Horotiu were asked to paint and label any like-sexed twins they 
thought were of monozygotic origin and to inform the drivers of the 
** Bobby Calf ** lorries that the calves were twins which had to be sorted 
^mt on arrival at the J^'reezing Works for inspection by an oflicer from 
Kuakura. If the calves WTre to be transhipped by rail the lorry driver 
had to nr)te on the railw’ay consignment form that twans were included. 
This was necessary as it w'as not possible to arrange for a thorough search 
for eventual twins in every truck-load of calves that arrived at the 
Works. Farmers within a reasonable distance from Kuakura were asked 
to communicate directly with the Animal Research Station, and a 
promise of prompt inspection of the calves was made. 

In the 1945 season the same method of collection w^as employed. 
In addition to the newspaper appeal, ,a leaflet containing advice on 
preliminarj^ recognition of monozygotic twins w'as sent to practically 
all farmers sup])lying the Horotiu Freezing Works. 

In view of the relatively few' twins inspected at the Freezing W'orks 
in the previous year, (See Tables IVa and IVb) it was decided in 1946 
to inspect all twins on the farm. A leaflet was again distributed. This 
method has proved very successful and has since been follow^ed. It 
will be of interest to w'orkers involved in twin collection to note the 
comparativ’e failure of the approach through the Freezing Works. 
Initially, this appeared an ideal system but even in the first year when 
it W'as the only method advertised it accounted for onl}' 50 per cent, 
of the twins examined. In the second year, the proportion fell to 
20 per cent. During these tw'o years it became increasingly clear that the 
factor of personal contact betw^een research worker and farmer was 
of major importance. Farmers w’ere more prepared to co-operate if and 
wiien they found the research worker w'as sufficiently interested to 
visit the farm and inspect the animals on the spot. Merely to despatch 
the animals to the works with labels attached was too impersonal, 
and apj)ealed only t() those interested in the greater financial return, 
should the calves prove monozygotic. On the other hand, personal 
inspection resulted in a situation wiiere the farmer believed he w’as 
making a real and personal contribution to research. 

Ni MHERS COLLrXTKl) 

The following is a short summaiy^ showing the number of mono- 
zygotic twins of both sexes collected in these three seasons. 

Table I. Monozygotic Twin*? Collected 

i *" j ■ i ^ ^ _ 



Heifers. 

Hulls. 

Total. 


(sets) 

(sets) i 

/sets) 

1944 

15 

~ ■ "i 

9 

24 

1945 

38 

8 

46 

1946 

37 

5 

i . . 

1944/46 

90 

22 

112 


Prior to transferring five sets of heifer calves to the Dairj^ Research 
Institute. Palmerston North, in the Spring of 1946, the population 
of monozygotic twins at Ruakura reached 90 sets. Thus sufficient 
numbers of monozygotic twins can be located in New' Zealand to make 
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possible large scale projects, using these animals as experimental material. 
Collection work in 1947 and 1948 resulted in a further 99 sets of heifers, 
and eleven sets of bulls, making a total of two hundred and twenty- 
two sets located in the five years. 

The number of monozygotic twins collected in the last three seasons 
was considered sufficient for the immediate needs. Based on an esti- 
mated requirement of 30 sets in milk, and 20 sets under special experi- 
mental conditions, the yearly replacements are calculated to be of 
the order of 25 to 30 sets, and it is considered that this numl)er can be 
acquired easily without enlarging the present organization. If, liowever, 
a need for a larger number of monozygotic twins arises in the future, 
or if other research institutions decide to use such animals for experi- 
mental work, it is useful to know that there are three other areas in 
New Zealand apart from the Waikato, with a sufficiently large and 
concentrated cow population to be suitable sources of twin calves. 
These areas are: (1) North Auckland, with 3S4,(KK) cows; (2) Tara- 
naki, with 215,(X)() cows; and (3) the M an awatii -Wellington area, with 
approximately 212,000 cows (12). 

Finally, if may be pointed out that an intensification of the search 
for twins in the Waikato may result in a substantial increase in the 
number of monozygotic twins found annually, h'lg. 1 has been prepared 
to show the density of the cow population in the counties within 60 
miles of Kuakura. The location of the source of each set found during 
the search in the years 1944-6 has also been marked. It all counties 
had contributed the same number of twins relative to cow populations 
as the Waipa County a further 56 sets of heifer twins would have been 
acquired. 

Fkeqvencv of Monozygotic Twins 

The frequency of monozygotic twins in a cattle population has 
a direct bearing upon the pcitential number available and upon the 
ease of collection. The number available is measurable by the ratio 
of monozygotic twins to total calvings, so that an assessment of this 
frequency is of primary importance. The ease of collection is related 
very closely in practice to the ratio of like-sexed twins to monozygotic, 
since the ratio determines the number of like-sexed twins that have 
to be examined for every monozygotic set located. Since the overall 
twinning rate in a cattle population directly affects the number of like- 
sexed twins bom, it is rather important to determine whether there is a 
constant relationship between the overall twinning rate and the mono- 
zygotic twinning frequency. At first sight, a high overall twinning rate 
should make monozygotic twin collection easier, both in respect to 
numbers and differentiation. This will not be the case unless this 
increase is accompanied by more than a proportionate increase in the 
monozygotic twinning frequency, since without this, the number of twins 
that have to be examined for sets of monozygotic twins located is in- 
creased. Ideally, twin collection will be easy both in respect to number 
available, and ease of collection, if the monozygotic twinning frequency 
is high and the overall twinning rate is low. 

Though the point has not been discussed by these authors, it is 
clear from the data of Johansson (13), and Bonnier (10) (14), that the 
overall twinning rate in cattle gives no indication of the rate of mono- 
zygotic twins in the same population. Working with three breeds 
in Swcijen, both authors have collected data on the distribution of 
like-*and unlike-sexed twins, while Johansson has reported the over- 
all twinning frequency for these same breeds, By using the method 
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employed by Strandkov ei al. (13), of subtracting the likc-sc.\cd from 
the unlike-^xed twins, calculation of the number of monozygotic 
twins occurring in these samples has been attempted. This fifty- 
fifty method has given identical results in a human population to that 
which takes the sex ratio of twins into consideration (14). The results 
of applying the method to the Scandinavian material are shown in 
Table II. 

'IAhi.k II ('alci'i atkd Frequenciks of Monozygotic 1 wins 
IN Swedish Catti-k Hreeds 


1 

Ha4s. ! 

Swedish 

Frosian . 

^ Sweilisli Hod and 
' White 

1 Swedish Foiled 

J Landrare. 

i 

Johansson 

IVinnier 

! johans.son i 

lionniei . 

Johansson ‘ 

IVmnier 

Whole popu- 
lation 

0.054 

j 

• 0.084 

1 i 

1 0.128 ' 

0.10 

1 i 

1 0.248 ■ 

0.290 

.\ll twins 

J .62 

2.50 

i 6.94 1 

5.34 

13.43 

16. (M) 

r.ike-sexed twin.^ 

3.19 

4.87 

; 12 98 

10.14 

’ 23.68 

27.59 

[ )vorall-t winning ' 
per cemt. 

3.35 


‘ 1.85 

1 

1.81 



It will be noted that the Swedish Fresian breed, showing the highest 
overall twinning rate of 3.35 per cent, shows the lowest overall mono- 
zygotic twinning frequency of 0.54 to 0.84, while the Swedish Red 
and White and Swedish Polled 1,-andracc with overall twinning rates 
of 1.85 and 1.81, show markedly different overall monozygotic fre- 
quencies. I^oth sets of data show comparable trends so that despite 
Jhinnier s conclusion that the inter-bred differences in his own data 
were not statistically significant, it would appear that the ratio of the 
overall twinning rate to the monozygotic twinning frequency is by 
no means a constant. In arriving at his conclusion, Bonnier worked 
only on the ratio of monozygotic twins to ah like-sexed twins and did 
not take into account Johansson's material. The point is of funda- 
mental importance since it is related so closely to the difficulties of 
twin collection work. If Bonnier's conclusions are sound, the success 
of twin collection in New Zealand could be repeated in any cattle popu- 
lation. If, however, the view expressed above is valid, viz. that the rate 
of monozygotic twinning is not constant relative to the overall twinning 
rate, then the ease of twin collection will be quite variable, depending 
on the ratio of the two twinning rates in the cattle population under 
consideration. In this connection it is important to j)oint out that the 
overall twinning frequency in New Zealknd is very low. (0.60 to 1 .0 per 
cent.) but presumably, the monozygotic twinning frequency is reasonab- 
ly high. Data printed later suggests a rate of 0.1 })cr cent, for mono- 
zygotic heifer twins. The only New Zealand data available for twin- 
ning rates in cattle is that of Ward (16) (17). His analysis of a sample 
of approximately 27.000 calvings in 1945-6 gave the following results. 

Tahi.e HI. Incidence and Sex Distribution of Twins 


Two Males ^Female^^ * Females, j 'l otal. 

Twin Birth.s 63 117 82 267 

'fotal Calviiig.s 26,976 

Twinning Hate per 

cent. 1 .0 
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Calculation of the frequency of monozygotic twins from these data 
is rather dangerous in view of the markedly abnormal distribution 
of the three sex combinations, indicating an inexplicable deficiency of 
males. Ward (16), made such an estimate and reported a probable 
monozygotic twinning rate of 0. 1 percent, of all births. Unfortunately, 
application of the same method to Ward's data for 1946-7 (17), on a 
comparable sample gives a surplus of like-sexed twins of only one set 
in 25,4(K) calvings, a large proportion of which were located in the 
Kuakura territory. In this latter data a similar marked deficiency 
of males existed, while in the same season Kuakura collected 42 sets 
of monozygotic twins. It is therefore obvious that no reliable estimate 
of the monozygotic twinning frequency for New Zealand cattle can 
be obtained from Ward’s material. Thus little weight can be given 
to Korkman's (18) use of these data to study twinning frequencies 
or to his conclusion that no breed differences exist in the monozygotic 
ratio. Strandkov's (15) analysis of monozygr)tic twinning frequencies 
in white and negro populations in the U.S.A. shows statistically signi- 
ficant racial differences. It is perhaps importjint to point out that dif- 
ferences of the 'type recorded here for cattle may have a regional, rather 
than a racial basis, the three breeds occupying markedly different 
regional areas in Sweden. 

The Sire as a Possible Cause of Monozygotic 
Twinning in Cattle 

Although it is not intended to discuss generally the causes of mono- 
zygotic twinning in cattle, it seems 'Worthwhile in this connection to 
put on record evidence that the sire, in some cases, may be involved. 
The evidence is based on four cases of bulls, each having sired two 
sets of monozygotic |wins. In view of the low frequency of mono- 
zygotic twin births, these occurrences can hardly be ascribed to chance. 
Specific environmental factors obtaining on the farms concerned can also 
be ruled out since, considering the seasonal nature of calving in New 
Zealand, the twins were born at widely spaced time intervals. 

The birth dates of the calves are set out below : 


Bull 

Set No. 

Birth Dates 

1 

I 

17/7/45 

11 

25/9/45 

2 

III 

9/7/47 . 


IV 

13/7/47 

3 

V 

12/8/47 

VI 

15/9/47 

A 

VII 

30/9/47 


VIII 

18/9/48 


It can be seen that the two sets of twins sired by Bull 4 were born 
almost a whole year apart. 

The conclusion seems inescapaWe that the sperms of a bull may be 
so constituted as to cause the fertilized ovum to split. 

Analysis of the Kuakura Sample 

Data have been collected on the frequency of monozygotic twins 
amongst thelike^sexed twins which have been m^e available for inspect- 
ion by fannets in New Zedand. It must be emphasized at the outset that 
the like-sexed twins which have been inspected did not represent a 
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random sample of all like>sexed twins born. Because farmers were 
asked to report only those like-sexed twins which were of similar ap- 
pearance, especially as to colour and size, it is believed that the sample 
inspected contained a greater proportion of monozygotic twins than a 
truly random sample. Thus, the data are not suitable for calculation 
of the frequency of monozygotic twins in the twin population as a 
whole, but when analysed as to variations due to the sex of twins, year 
of collection, method of collection and location, they yield some in- 
teresting infonnation about the ratios of like-sexed twins to mono- 
zygotic twins in an inspected sample. Such information may prove 
very useful to other workers in this field and is therefore presented 
here in some detail. 

Tables IVa and IVb show the ratios of twins inspected to mono- 
zygotic twins for the three seasons concerned. The data for 1944 
are not complete in that no information is available as to the distance 
from Kuakura travelled by the twins which were inspected at Horotiu. 
The.se data arc also incomplete in.sofar as they cover only the first 
96 sets of twins inspected that year. 

Distance from Kuakura 

'flu* distance to Kuakura by road or rail from the fanns where the 
twins were located strongly influenced the ratio of all twins to mono- 
zygotic twins in that the further from Kuakura sets of twins were loca- 
ted, the greater were the chances that they were monozygotic. The 
.situation is graphically presented in Fig. 2. 



Fi<;. 2. — Relationship Iwtween distance of Ruakura from farms 
where tw’ins were located, and the ratio of twins inspected 
to monozygotic twins. 


The most likely explanation for this phenomenon is that farmers 
living further away from Kuakura tencled to report a more selected 
sample of twins than farmers nearer to Kuakura. It is obvious that 
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the increasing difficulties either to the farmer himself or to the inspec- 
ting officer, made more distant farmers examine the twins more care- 
fully. 

The sample of heifer twins located within 20 miles of Kuakura, 
which may be considered the least selected one, provides a basis for 
an estimate of the maximum number of monozygotic twins born in 
the Waikato dairy cow population. Assuming that one j)cr cent, of 
all calvings result in twins and that approximately 25 per cent, of all 
twins are heifer-heifer twins, it can be calculated that with one set 
of mom^zygotic twins in every 4.8 sets inspected, there are no more than 
one set of monozygotic heifers born in approximately 2,000 calvings. 

Sl£X 

On analysing the data it s()on became evndent that bull calves had 
to be treated as a separate group, as they showed much lower ratio 
(1 : 6.6) than the heifer calves (I : 3.5). There may be a number of 
possible reasons for this j)henomenon of which the more likely ones 
are discussed below. 

In view of the fact that, as shown above, the further from Riiakura 
sets of twins were located the greater were the chances that they were 
monozygotic, it w’as thought that if the bull twins were found to be 
located on farms on an average nearer to Kiiakura than were the heifer 
twins, the differences in the rt\spective ratios of twins inspected to mono- 
zygotic twins may not have been a real one. However, as 60.7 per 
cent, of the bulls compared with 66.4 per cent, of the heifers were in- 
spected within 40 miles of Kuakura, this cannot have been a major 
factor causing the discrepancy in the ratios. That there was a real 
difference in the ratios for bull and heifer twins is also suggested by 
the fact that, of the heifer twins located on farms within 20 miles of 
Kuakura, which previou.sly has been .shown to be the least selected 
sample, one in eveiy^ 4.8 was monozygotic compared with one in every 
7.5 for the bulls. 

I'armers may have tended to report bull twins on an average at a 
lower age than heifer twins, thus not having had the same o])portunity 
to keep them under surveillence and, therefore, reported to Kuakura 
relatively more dizygotic bull twins than heifer twins. At first sight 
there seemed to Ik» some grounds for this theoiy in that the average 
age (4.0 clays) at which the bulls had been reported actually was slightly 
lower than that of the heifer twins (average 5.2 days). The ciistri- 
bution of the age cla.sses in the two twin populations comprising 155 
sets of heifers and 36 sets of bulls inspected in 1946 is shown in Fig. 3.* 
However, it has also been possible to calculate the proportion of mono- 
zygotic twins in the various age classes of heifers and as Fig. 3 shows, 
there is no apparent correlation between the age at which they were 
reported to Kuakura and the proportion of monozygotic sets. This 
does not however, exclude the possibility that some other factor of 


A set of pedigree ludl twins whicl> had l-een reported at age of th'-ee and 
a half months is not includerl in the alK>ve data as it was far older than 
any other set, and its inclusion u^uld have given a false impression of the 
average age of the' bull twin.s. 
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Fk. 3. — (1) Fretiuenc> distrilmtum of llu- aai.*'> at which twin 
heifers were inspected. 

(2) Frequency distrihution of the aees at which twni hulN 
were inspected 

(3) I^ercentage of mono/y^otic twin heifers calculateil on all 
twMn heifers inspected at \ari<ms aucs 

« 

a psychological nature so influenced the fanners that they tended tc^ 
report to Ruakura a more unselected sample of bull twins than of heifer 
twins. 

(treater pre-natal or early post-natal death rates t>f mono/:ygotic 
bull twins are, of course, factors which could explain the discrepancy. 
The only evidence that would tend to support this theory is the fact 
that the secondary sex ratio in cattle is lower in twins than in singles 
(Johansson [13J and Ward [16J l17]), a fact however, which may be 
due to various other reasons than that there are relatively few'er mono- 
zygotic bulls in the twin population. It is believed that only a direct 
inspection of a large sized un.selected sample of like-sexed twins will 
clarify this question. 

Because of the relatively small number of bull twins wiiich have 
been inspected, the discussion will liereafter be limited to the heifers. 

Method of Collectiox 

As previously mentioned, three different methods of collection were 
employed in 1944-5. 

(1 ) Selection of twdns on arrival at the freezing works; 

(2) Sdection of twins on the farms; 

(3 ) Direct consignment of twins to the research station by the farmer. 

The relative number of monozygotic twins was smallest in the 
first group, and greatest in tlie last, the ratios of all twins inspected 
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to monozygotic twins being 8.0, 3.9 and 2.2 respectively. This situa- 
tion could probably best be interpreted as due to the reluctance on the 
part of the farmers to send via the freezing works the twins they were 
convinced were monozygotic and instead, asked for inspection on the 
farms. It is not possible to decide whether the high proportion of mono- 
zygotic heifer twins in the sample of twins that arrived by rail was 
due to the method of collection, or the fact tliat most of these twins 
came from farms situated forty or more miles from Kuakura. 


Vkak 

It is impeirtant to liave some idea as to wlicthcr availability of 
twins varies from year to year. There are two reasons why the 1944 
sample cannot be compared with those of 194S and 1946. Only the 
first 96 sets of twins arc included in 1944. This may have had some 
bearing on the number of monozygotic twins found, as it is possible 
that later in the season the relative number of monozygotic sets may 
have increased or decreased. In addition, the twins were located on 
farms wdiich were on an average nearer Kuakura than was the case 
in 1945 and 1946. 

In the two comparable years there was slightly more inonoz 5 ’gotic 
twins in 1946 than in 1945. One in every 3.1 sets of like-sexed heifer 
twins inspected in 1946 was considered monozygotic compared with one 
in every 3.5 in 1945, The difference is unlikely to be significant. 

Kssentials of ORGAXIZ.VriON 

'Fhe comparatixe failure of the first four years of twin collection 
work as contrasted with its marked success in the last four years has 
empha.sized the importance of certain aspects of organization, h’rom the 
experience gained it is fairly evident that at least three factors on the 
organization side are important if twins are to be obtained in adequate 
numbers to permit their effective use as material for cattle experiments. 

(1) A relatively concentrated cattle population. 

(2) Full time re.sponsibility (seasonal) of a specialized worker. 

(3) Fnthusia.stic farmer co-operation. 

In the first four years none of these essentials was fulfilled. The 
cattle populations worked with were relatively widely dispersed. 'Fhe 
workers concerned could direct but a small amount of time to the task, 
and in practice were available merely for recognition purposes. Farmer 
interest on a wide scale could not be obtained, partly because the first 
two essentials could not be met, and partly because the pressure of the 
early w'ar years made it difficult to interest farmers in a project, the 
potential worth of wdiich Avas difficult to grasp and which appeared 
to be of dubious value in the face of possible invasion of New Zealand 
by enemy forces. 

During the past five years, concentration on a large compact cow' 
population by one worker wdth full responsibility for all phases of the 
work during a period when farmers were emerging from war time pres- 
sure so that they could be approached successfully on farming matters, 
provided a much more satisfactory background for collection. These 
points seem worth stres.sing in this general account since the poor results 
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in early yea,rs were almost responsible for abandonment of the project 
in New Zealand. It was only a firm belief in the very great potential value 
of monozygotic twins on the part of the controlling officers of the Animal 
Research Division, together with a realization of the practical diffi- 
culties involved, that resulted in the author l>eing given the opportunity 
of full time organization of twin collection. These points should not be 
overlooked by institutions seeking this type of experimental material. 

No reference has been made to the method of recognition of identical 
twins — obviously a factor of fundamental importance. This aspect is 
so wide in its scope and involves data so extensi\'e that it will be pub- 
lished as Part II of this series of studies of monozygotic cattle twins. 
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THE EFFECT OF ROOTSTOCKS AND INTERMEDIATE 
SCION VARIETIES ON THE COOL-STORAGE DISORDER, 
CORE-FLUSH, IN GRANNY SMITH APPLES 

By C. A. S. Padfifxd, 

Department of Scientific and Industrial Research, Wellington. 

Summary 

Core-flusJi, a form of internal tissue collapse, is a major disonler of 
(iranny Smith ai)ples in cool store. Different root-stocks and intermediate 
scion varieties showed no consistent effect on the incidence of this distirder. 
There were wide seasonal variations in the incidence of core-flush, in succes- 
sive crops from trees under test. 

(iranny Smith ai)ples are particularly subject to core-flush in cool 
storage, this condition occurring earlier in the storage life of this fruit than 
any other disorder. In ad<lition to normal (iranny Smith idantings. many 
varieties have been reworked with this apple. Some of these varieties are 
themselves jjarticularly prone to core-flush in cool storage, and it has been 
suggested that the inclusion of such intermediate scions might influence the* 
amount of this disorder occurring in (iranny Smith. 


Description 

C'ORK-FLUSH is a cool storage disorder which affects the flesh between 
seed cavities, causing a red-brown discoloration. At first this is slight, 
but in extreme cases affected tissue becomes discoloured and desiccated 
while cracking within the core zone sometimes occurs. This is accentuated 
by holding fruit below the recommended temperature and is most common 
in immature fruit. Smock (1946) has shown that considerable reduc- 
tion has been obtained when susceptible apples were withheld from cool 
storage for periods up to 20 days. From data as yet unpublished it has 
been found that a reduction has been obtained when Granny Smith apples 
were withheld from cool storage for periods of five to .six weeks, but this 
is not a practical means of control. The varieties, Dunn s Seedling, Granny 
Smith, and Statesman were particularly susceptible, while it is found to a 
lesser extent in Cox's Orange, Delicious, Jonathan, and Sturmer Pippin. 

Experimental, 1944 and 1945 

In 1944 and 1945 fruit from many combinations of rootstock — Granny 
Smith scion, and rootstock — intermediate scion variety — Granny Smith 
scion were collected and cool-stored. To obtain results under normal 
harvesting conditions, picking was left to individual growers to fit in with 
their own harvesting programme. With a few exceptions, all samples 
were picked within a few days of one another. Samples consisted of two 
bushel cases in 1944 and four bushel cases in 1945; all were stored at 
34 ®F. and were removed from storage at approximately the same time. 
Every apple was cut in half and the degree of core-flush assessed. For 
record purposes four grades were used— ‘trace,” “slight,” “moderate,’’ 
and “severe.” The last two categories were classed as commercially 
significant. All samples were examined in 1944 between 24th and 28th 
of November, and in 1945 between 12th and ISth of November. 
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Results, 1944 and 1945 

Percentages of core-flvish in the Hastings fruit are given in Table I, 
those for the Nelson samples in Table II. 

Incidence of core-flush was high in all samples in both years, though 
the amount varied from year to year in fruit from the same trees. For 
any particular combination of rootstock and intermediate variety, varia- 
tions between seasons and districts were considerable. Taking the.se 
variations into consideration, results indicate that the intermediate variety 
has little, if any, influence on the development of core-flush. Although 
dates of picking were all within the normal harvesting period for Granny 
Smith, it is possible that variance in maturity between orchards and 
differing time lag between picking and storing would account for some 
differences. 

In one season where it was possible to compare fruit from trees which 
had received a dre.ssing of borax of i lb to a tree as against similar fruit 
when borax was not applied, there was a tendency for core-flu.sh to increase 
with borax application. A similar result was noted by Phillips and John- 
ston (1943). 

Experimental, 1946 

Samples used in the previous two years showed wide and unexplained 
variations in the incidence of core-flu.sh. It was considered possible that 
orchard management might play some part, as fruit had been collected 
from many different orchards. To test this point an attempt was made 
to select trees on the same rootstock in orchards under widely different 
types of management. Only two suitable blocks of trees could be found, 
these being Granny Smith on Northern Spy stocks. Orchard 1 was under 
good management, and«the trees selected were superior to those of com- 
parable age in Orchard 16 under poor management. Fruit from the 
only block of Granny Smith on Mailing .stocks was also inclyded, as these 
stocks will be used for many future plantings in New Zealand. The 
trees on Mailing .stocks were in good condition and comparable with 
those on Northern Spy in Orchard 1. Four case samples were stored at 
34°?. Picking and storage dates are .shown in Table III. All fruit was 
examined between 24th and 31st of October. 

Results, 1946 

Figures obtained from the 1946 experiment are given in Table III. 

Picking and storage dates differed slightly for the two samples from 
trees on Northern Spy. Sample 16 was picked two days earlier and re- 
ceived four ^ys extra delay than Sample 1. It is unlikely that the 
difference ^own in the Table could be attributed to earlier picking, but 
longer delay before storing could account for some of it.. 

Results from trees on Mailing stocks were similar to those from trees 
on Spy. When considered with the figures for 1944 it appears that the 
introduction of Mailing stocks will not increase the incidence of core- 
flush. 

. Con^rison of results obtained from s»nples marked 1 over tiie three 
years slmws that least core-flush was i^orded in 1946, the year of earliest 
seeing, indicfting again that core-flush is subject, to seascmal variatiem, 
Ibi^pective harvesting thite. 
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Table 111 . Nelson District 1946 . 

Percentages ofTotai and Commercially Significant Coreflush on Removal 

FROM Storage. 



i 

! Total 

Picking 

Date 

! ! 

‘ IPerkxl of i 

Per cent 

' Percent. 
C'om- 

Rootstock. 

Ap])Ies ]H»r 

1 IDavsE 1 
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('oreflush 
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Northern Spv 

! 
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! 1 4 203 

73 
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27 

Nor^Iiem Spv 

East Malling XlI 
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87 

63 

1 463 

84 

1 1 4 202 

S9 

2S 

East Mailing XVI 

' 4.53 

84 

114 ' 201 

69 
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Conclusions 

Figures obtained from trees containing the susceptible varieties, Dunn’s 
and Statesman, as intermediates showed no consistent increase in core- 
flush when compared with trees containing other intermediate varieties, 
lender commercial conditions differences in degree of core-flush can be 
expected between different orchards in any one season and from the same 
trees in successive seasons. There was no indication that the trees worked 
with any particular intermediate variety would give consistently higher or 
lower percentages of core-flush than trees budded directly on to the four 
root stocks li.sted. Thus in reworking existing trees to Granny Smith there 
is no need to consider the effect of intermediate variety on core-flush in 
future crops. 
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REVIKW. 

FIVK HrXDRHD VARIKTIFS OF HKRBAnF AND FODDER 

Pi.ANTS. 

C.A.B. Bull, No. 39, 1948 

In tlii.s publication there has licen collated information concerning a 
great niimlx^r of varieties of herbage and fodder plants, including cereals 
and nxit crops, usable as animal fcKider, The objects have lieen to give in 
as concise a form as possible many details regarding origin, adaptation, 
characteristics and use of varieties in various countries, together with the 
liossibilities of obtaining siqiplies. Much of the information on crop 
varieties used in the feeding of farm stock has been obtained from specialists 
in many jiarts ot the world, and is therefore r>f special interest to all 
research and advisory workers, to Plant Improvement Stations, and to dis- 
tributors of seeds where the aim is improved varieties for field use. 

There liave been difficulties in nomenclature and unfortunately several 
imiKirtant countries have been unable to make their contributions, but. never- 
theless, this first effort to bring under one cover all relevant data concerning 
a great number of varieties of fodder plants will lie of interest and value 
to many scientist.s, seed merchants and possibly growers of improved 
varieties of seeds. 

An index containing references to puhlishetl information on crop varieties 
has been added as a supplement. L. \v. G. 
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COMMONWEALTH AGRICULTURAL BUREAUX 

This organization, formed by the Governments of the Britisli Common* 
wealth, provides up-to-date information in the form of journals, technical 
communications, and bibliographies on all asi>ects of science and practice as 
applied to agriculture, horticulture and forestry. The following list com- 
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Rf.cent Techxuai. CoMMi xit ations 
Pregnancy Diagno.sis Te.st.s: A Revieu. By A. T. Cowie. 1948. 15s. 

A survey of all important jiapcrs on the diagnosis of pregnance in 
women and domestic animals with the 'exceptiim of those concerned with 
clinical methods in w'omen. 

Diet in Relation to REPRcmrc’Tio.v ami the \'iABrLn\ of im* Yoi nii. 
Part 1. Rats and other lalmratory animals. By F. C. Russell. 1948 
6s. ' 

The effects of dietary deficiencies <»n the reproductive iierformance of 
laboratory animals are briefly described, and data relating to the quantitative 
requirements for proximate principles, minerals, and vitamins driing the 
prenresses of reproduction and rearing of the young are reviewed. An 
attempt has been made to correlate the results of siieh studies with the re- 
productive .success obtained with .stock diets subject to the limitations im- 
posed by the operation of non-dietary variables which influence reproductive 
performances. 

Growth Sithstanck.s ami Their Practical JMi*oRTA\cr. t\ Hoktk i i.tvkk. 
By H. 1-. Pearsc. 1948. 12s (kI. 

A review of the actual and potential uses of synthetic growth snh.stances 
in horticulture and the technical problems involved in their use. 

Index to Horticultural Abstracts. ^’oIumes XI-XV, 1941-1945, Com- 
piler D. Aitkenhead. 1939. 35s. 

A comprehensive subject and author index of the abstracts or notes 
occurring in these volumes of Horticultural Abstracts dealing with more 
than 10,CI00 original articles. Indispensable for full use of abstracts. 

The Practice of Soil Con.servation in the British Colonial Emimre. 
By Sir Harold A. Tempany. 1SW9. 10s. 

This is the first printed account to deal with colonial soil conservation 
in detail. The main conservation methods are classified, and their effective- 
ness in different territories is di.^cussed. The control of grazing and livestock 
management and systems of colonial agriculture in relation to soil conserva- 
tion arc described. Chapters are devote<l to the use of machinery and of 
aerial-photographic surveys, and an account is given of legislation relating 
to soil conservation tliat has hew enacted in the colonial empire. 

Copies of these and other jmhlications obtainable from 

COMMONWEALTH AGRICULTURAT, BUREAUX, 
CENTRAL SALES BRANCH, BENGALIS, ABERYSTWYTH, 
GREAT BRITAIN. 
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THE METABOLISM AND TOXICITY OF CYANIDES AND 
CYANOGENETIC GLUCOSIDES IN SHEEP 

1. ACTIVITY IN THE RUMEN. 

By I. E. Coop and R. L. Blaklf.y 
Lincoln College, New Zealand 

Summary 

<1) A sheep with permanent rumen fistula has been used to study the 
production of HCN from cyanogenetic glucosides and cyanogenetic 
plants in the rumen and the absorption of this HC\ fn)m the rumen. 

<2) Absorption of HCN from the rumen is very rapid. On an average 75 
l)er cent of. dosed HCN is absorbed within 15 min. 

<3) The hydrolysis of free glucoside and of glucoside in plant tissue in the 
rumen is rapid and can be complete in as short a time as 10-15 min. 

(4) Hydrolysis in the rumen does not necessitate the presence of plant enzyme 
since the ruminal bacteria can hydrolyse cyanogenetic glucosides very 
rapidly. 

<5) Peak production, concentration and absorjition of HCN under most 
circumstances take place within a few minutes (less than 10 min.) of 
dosing free glucoside and within 10-20 min, of sheep eating cyanogenetic 
plant material. 

(6) The conditions of the rumen affecting the rates of hydrolysis of 
glucosides and of absorption of HCN are discussed. 

In spite of extensive literature on cyanide poisoning, whether by pure 
cyanides or by the ingestion of plants containing cyanogenetic glucosides, 
considerable speculation still exists as to the precise mechanism of this 
poisoning and the manner in which cyanide is metabolized by the body. 
The first step in poisoning by free cyanide is obviously the absorption of 
HC'N from the alimentary tract, but in the case of poisoning following 
ingestion of cyanogenetic plant material this absorption must be preceded 
by hydrolysis of the glucoside to yield the free HCN. In ruminants HCN 
must be absorbed from the rumen, as indicated by the following facts. 
The rapidity with which animals react to free cyanide administered per 
os indicates that absorption must be rapid and must take place before 
there is any possibility of significant amounts of the material passing 
further down the alimentary tract. This is confirmed by analysis of the 
ruminal and intestinal contents of sheep poisoned by cyanide. The appear- 
ance of symptoms of cyanide poisoning following ingestion of cyanogenetic 
plants is somewhat delayed, being seldom earlier than 5 min. after com- 
mencement of ingestion and may even be several hours after. Even so, the 
material is still almost certainly in the rumen and would not have had 
time to pass on in significant quantities to the reticulum, omasum and 
abomasum. This again is confirmed by chemical analysis of stomach 
contents. Auld (1) and van der Walt (2). 

The hydrolysis of the glucoside is carried out by enzymes, normally 
present in the plant along with the glucoside, and it is believed that 
hydrolysis commences as soon as the plant is ingested. However, some 
plants contain glucoside only, some enzyme only, and some neither, even 
amongst different varieties in the same species (e.g., Tri folium repens). 
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In these cases it has always been assumed (van der Walt loc. cit., Seddon 
and King (3) ) that the plant containing glucoside only is not toxic unless 
another plant containing enzyme is also ingested, for otherwise the glucoside 
is not hydrolysed. Once released by hydrolysis the absorption of HCN 
can proceed in the same manner as if it had been administered as HCN 
or KCN. In theory the cyanogenetic plant should be as toxic as the 
equivalent amount of free HCN, but this has been shown by a number 
of investigators not to be true (see Part HI). A number of factors 
can influence the release and absorption of H('N. The first and most 
important is the presence or absence of the enzyme. The second is the 
pH of the rumen, since under very acid or alkaline conditions the enzymic 
hydrolysis is inhibited or delayed (Auld, loc. cit.). In addition, under 
alkaline conditions, especially when chalk or lime is included in the diet, 
it has been postulated that HCN occurs as cyanide ions which cannot 
be absorbed through the ruminal wall (van der Walt, loc. cit.). Obviou.sly 
other factors must also exert some influence, e.g., the phvsical state of 
the ingesta and ruminal contents and the nature of the previous diet. 

In order to determine the part that all the.se factors jilay in the toxicity 
of cyanogenetic plants and to provide data for the interpretation of the 
result of dosing and feeding trials with free HCN, gluco.side and with 
cyanogenetic plant material it was decided to inve.stigate the fate of 
cyanide and cyanogenetic glucosides in the rumen of sheep. To this 
end a rumen-fistulated sheep was used for measuring the changes taking 
place in the rumen after introduction of free HCN and free glucoside 
into the rumen, and after ingestion of white clover, dried powdered white 
clover and linseed meal. 

Experi)<ental Material and Methods 

The sheep with the rumen fistula was a typical three-year-old 
Romney wether. The operation was performed in August. 1946, accord- 
ing to the technique of Phillipson and Innes (4). 

The cannula was made of perspex turned down so that an outer flange 
could be screwed down on to an inner flange within the rumen, thus hold- 
ing in contact the wall of the rumen and the abdominal wall. The 
external end of the cannula tube was sealed by a cap screwing down on 
to the cannula. The dimensions of the cannula were: Length 6.5 cm., 
diameter of flanges 3.0 cm., external diameter of shaft 2.1 cm., internal 
diameter of shaft 1.6 cm. 

During the year following the operation the sheep was used for experi- 
ments in digestion. In August, 1947, it was noticed that a complete seal 
which had been made between the ruminal wall and the abdominal wall 
was beginning to grow over the inner end of the cannula. The cannula 
came away easily, leaving an q>ening fistula. From then onwards a 
glass rod 11 cm. long and 1.0 cm. diameter with a flange at the 
outer end was used to maintain the fistula and to make it air-tight. The 
rod was held in position both by the fistula itself and by a string passed 
round the she^ and tied to the flange on the rod. The work to be des- 
cribed took place from September, 1947 to May, 1948. During this period 
the she^ was housed indoors exoq>t fw occasicmal periods of a few days 
out on pasture. Its ration was chaffed lucerne hay plus chaffed timothy 
hay. At an. times it remained in good health and vigour, increasing in 
weight fr<»n 1401b. to 1641b. over the period. 
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Potassium Cyanide 

HCN was administered as KCX. The pH and bufferin/i? power of the 
rumen was such that this is equivalent to dosing with HCX. The KCN 
employed was usually in the form of a 0.1 M. solution (= 2.7 mg. 
HCN/ml). 

Glucoside 

Lotaustralin, the cyanogenetic glucoside of white clover, was used. The 
.sample used was a crystalline solid, 90 per cent. pure, containing 90 mg. 
HCN per g. Lotau.stralin is very stable to acid and alkali. Boiling 
with 2n. acid or alkali for 1.S minutes produces less than 1 per cent, 
hydrolysis. Consequently there can be no hydrolysis of the glucoside by 
acid or alkali under the conditions of experimentation to be described. 

Enzyme 

Linamarase, the enzyme hydrolysing lotaustralin, and linamarin was 
prepared from Hn.seed by the method de.scribed by ('oop (5) taking it as 
far as ‘Preparation l\ 

pi I Measurement 

A gla.ss electrode pH meter made by the f ambridge Instrument ('o. 
was used. 

Determination of HCX 

It was essential in this work to u.se a method of analvsis which was 
rapid, sensitive, and specific. The only method which reasonably fulfils 
the.se three requirements is that devised bv Gettler and (ioldbaum (6). 
This relies on the Prussian Blue test, which is developed by aeration of 
the HCN .solution and pa.s.sage of the ga.ses through filter pai>er impreg- 
nated with ferrous .sulphate and sodium hydroxide. After aeration the 
excess of iron hydroxide is dissolved out with hydrochloric acid. Standard 
Prussian blue stains are prepared with which to compare the unknown.s. 
The method is specific and no known substances interfere with it. It 
is specific and no known substances interfere with it. It is also rapid 
as the aeration takes onlv five minutes. This is an important advantage 
over the methods such as that of van der Walt and other investigators, 
for where samples are being taken at intervals of every 10*20 minutes a 
reaction can be followed as it proceeds, since a rough estimate of the 
HCN value can be made immediately after placing the test paper in the 
acid. At a later stage one can analyse the duplicate .sample and estimate 
all the values accurately by comparison of the stains with the standards. 
As regards sensitivity the method as used in this study covers the range 
O.S-20.0 /ug. (micrograms). Gettler and Goldbaum claim an accuracy 
of 0.1 /Jtg. within this range, but this accuracy was seldom achieved 
in our work. There was often a considerable variation (up to 15 per 
cent.) between duplicate stains, and in this case it was necessary to make 
three estimations per sample. The deepest stain was in all cases taken 
as the correct one, since estimations of standard solutions showed negative 
errors only. With these precautions it is estimated that the error is of 
the order of 10 per cent, when the estimation is done in duplicate and 
S--10 per cent, when done in quadruplicate. 
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Estimations on pure KCN solutions at room temperature were subject 
to errors of the magnitude described. These must be attributed to irregu- 
larities in the test papers and to errors in reading. Gettler and Goldbaum 
dried the test papers, both after ferrous sulphate and after sodium hydroxide 
impregnation, for an unspecified period in air. Our own experience showed 
that more satisfactory results are obtained by drying the papers at 
60-70°c. by suspending them in air vertically over a hot plate until 
thoroughly dry. This avoids both the formation of a hard crust of 
sodium carbonate, which makes it difficult to draw the gases through the 
paper, and too much oxidation to the ferric state. For the same reason 
the papers should be stored immediately in an air-tight vessel, where they 
may be kept for about a week. Using either procedure for drying the 
resulting papers are far from uniform, and irregularities in drying, 
oxidation, pore size, and carbonate formation must account for much 
of the error of the method. 

Even if these errors could be eliminated, it is not possible to compare 
two stains by the unaided eye with an accuracy greater than S per cent. 
Hence the errors inherent in the method preclude an accuracy greater 
than this. 

A further improvement was effected by replacing the rubber bands in 
the apparatus of Gettler and Goldbaum by perspex clamps. This is an 
important point, since if the glass flanges are not pressed tightly and 
uniformly together the blue stain forms in one small region of the paper. 
After a few days the test paper becomes coated with carbonate, making 
it difficult to draw air through the paper, and any small leakage of air 
causes bad distribution of colour over 'the paper. 

Method of Dosing and Sampling 

The apparatus used consisted of a piece of glass tubing about 25 cm. 
long and 1 cm. external diameter attached by means of a short piece of 
pressure tubing to a splash head bulb which in turn was attached to a 
100 ml. syringe. The solution to be dosed was sucked up into the bulb. 
The rod plugging the fistula was then removed, the 25 cm. tube introduced 
into the rumen, and the liquid injected by closing the syringe. Immedi- 
ately after withdrawing the tube the fistula was plugged again. In some 
cases the solution was given through the fistula by means of a drenching 
gun. 

At varying intervals after giving the dose, samples were taken from the 
rumen. This was performed, using the above apparatus, by introducing 
the tube into the rumen, sucking the fluid slowly into the bulb, and then 
forcing it into a sampling tube. Two s^rate samples were taken each 
time. Since the dose and the sample were administered and withdrawn 
through the same opening (fistula) and with the same apparatus, it was 
necessary to exercise considerable care after dosing with KCN to avoid 
contamination of the sample. 

It was often difficult to obtain a sample if the sheep had just pre- 
vioudy eaten to capacity, especially on the chaffed hay usually 
provided. In such an event it ‘ was necessary to wait for the 
rumen to contract, when any fluid from the rumen and reticulum 
was thrown up on top of the solid ruminal mass. Such a sample was 
not a true sample of the rumen, but was representative of tlie flui^ 
•draining and circulating through the rumen. Because of this difficulty 
most experimoots were conducted while the rumen was reasonably fluid. 
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If the sheep was fed in the evening the rumen was usually in a satisfactory 
state next morning and a light feed could even be given before and during 
the experiment. 

The sample tubes were 15 ml. centrifuge tubes, into each of which 
\ ml. of O.S N. NaOH had been introduced. The sample of ruminal fluid 
varying from 5-12 ml. was then added from the sampling apparatus. The 
tubes were immediately corked and shaken. The NaOH by making the 
fluid alkaline (pH 9-10) prevented loss of HCN and also, after glucoside 
dosing, any hydrolysis of the glucoside and consequent increase in HCN 
after sampling. Thorough tests showed that this technique was effective 
and that within experimental error no loss of HCN occurred. The level 
of the fluid in each tube was then marked so that the volume of sample 
taken could subsequently be measured. HCN estimations were then made 
on these samples. Where the HCN content was relatively high the sample 
was diluted to bring it within the range of estimation. Before an aliquot 
was taken from a diluted sample it was necessary to acidify because the 
NaOH makes the ruminal fluid so mucilaginous that it does not disperse 
evenly, even when shaken with water. 

Results 

Rate of Absorption of HCX from Rumen 

The rate of absorption of HCN. dosed as KCN. was measured by the 
technique described. The assumption is made that the disappearance of 
HCN from the rumen is due to absorption from the rumen and to no other 
cause. The disappearance is so rapid that it cannot be due to passage 
down the intestinal tract or to detoxication within the rumen (see Part 
II). The results obtained are set out in Table I. 

'I'ABLIi I. CONCKNTHATIOX OF HC.\ IN' Ht'MEN AT INTERVALS AFTKK DoSING, 
CONCENTRATIO.V ICXPRESSEO AS ML. 


l\xperimciit No 

I 

2 

3 

4 

5 

6 i 

7 

8 

Dose (as HCN) 

40 mg. 

72 mg. 

72 mg 

97 mg. 

1(H) mg 

no mg. i 

128 mg. 

150 mg. 

pH of rumen 

! S . 54 

8.45 

6 76 

--- 

8.02 

6.62 

6.62 , 

5.52 

Time (minutes) 

' 

i 







0 

. m 

: '24) 

(24) 

(*30) 

(33) 

(36) 

(43) 

(50) 

5 


8.7 

6.7 

10.2 



1 

. . 

IS 

3.9 

4.8 

2.2 

1.8 

7.8 

8.6 

8.5 

25 

30 

2.9 

3.0 

i 1-7 

0.5 

3.5 

2.5 i 

i 1.2 ! 

4.3 

45 

2.3 

1.5 

0.9 

0.0 

2.4 

1.3 , 

, 0.8 

3.2 

60 

1.9 


1 


1,8 



2.5 

120 

; 0.8 




1.4 



1.3 

180 

i 0.1 






i 

0.7 


The concentrations at 0 minutes are the theoretical initial values, 
assuming the volume of the rumen to be 3 litres and assuming complete 
mixing. The concentrations at the intervals stated were those measured. 
Sometimes the time intervals were not strictly those given, in which case 
the concentrations were obtained by interpolation, but in no case was the 
smoothing of curves done. It was found that concentrations measured 
between 0-10 min. were unreliable in that considerable variations existed 
between duplicate samples. This was undoubtedly due to incomplete 
distributitm of the dosed cyanide throughout the rumen, and the resultant 
possibility of striking a pocket of high HCN concentration. As a result 
the fimt sample was usually taken IS min. after doang. 
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The experiments took place at various times over a period of eight 
months. With the exception of Experiments 2 and 5, the sheep had 
fed normally and had access to food during the experiments. In Ae 
case of Experiments 7 and 8, fairly severe symptoms of cyanide poisoning 
were manifest. In order to test whether either starvation or a high pH 
affected the rate of absorption, the sheep was starved for 48 hours before 
dosing in Experiments 2 and S, whereas in the other experiments it had 
been dosed immediately after a full feed. Several observations emerge 
from these results: — 

(i) The rate of absorption of HCN is extremely rapid. On an average, 
about 75 per cent, is absorbed within the first IS min. and over 90 per 
cent, within half an hour of dosing. 

(ii) A variation between experiments, though not great, does exist and 
cannot be attributed with reliability to any definite cause. There is no 
significant correlation with pH or degree of feeding. Part of it is probably 
due to experimental error in sampling and estimation, but it is unlikely 
that this would account for more than a small fraction of the total. 

(iii) The effect of starvation and alkaline conditions (Experiments 2 
and 5) in the rumen does possibly reduce the rate of absorption slightly, 
but it is within the normal variation of normal sheep. Certainly the effect, 
if any, is not marked. 

(iv) The rate of disappearance of HCN from the rumen is so rapid that 
absorption directly from the rumen must be the means of removal. 

(v) Owing to the variation between ekperiments, it is difficult to estimate 
a true rate of absorption. However, taking the average of the whole 
eight experiments, the rate of absorption in the first 1 5 min. at an average 
concentration of 20 ,«g;/ml. is about 1.7 )ug./ml. per minute. Over the 
period from 15-45 min. at an average concentration of 3-4 /tg./ml. the 
rate of absorption is about 0.1-0.15 ’/tg./'ml. per min. 

The Hydrolysis of Cyanogenetic Glucosides by ruminal microflora 

Before stud 3 dng the effect of dosing with glucoside, it was ^hown that 
microilora of the rumen could hydrolyse the glucoside with release of 
HCN. Preliminary experiments of introducing lotaustralin into the rumen 
showed that HCN could be detected in the ruminal contents several 
minutes after dosing. This could be due to HCN already present in 
the diet, to enzyme present in the diet, or to bacterial hydrolysis of the 
glucoside. Experiments showed that the lucerne hay which formed part 
of the diet did contain extremely small amounts of both cyanogenetic 
glucoside (0.5 fig. HCN/g.) and enzyme, but such amounts were quite 
incapable of accounting for the rate of hydrolysis of the lotaustralin. The 
diet of the sheep was neverthdess changed to one of turnips, chou 
modlier, and crushed oats, all of which were shown in vitro to be totally 
devoid of either glucoside or enzyme. After a week on this diet the 
results were precisely the same. 

Ruminal^ liquor Was thwi taken and its activity detemdned by its rate 
of hydrolysis of lotaustralin in vitro (in Conway units). Some of the 
liquor was at the same time centrifuged. Centrifuging at SOO r.p.m. for 

min. anew down material containing nwst of the activity uhfle the 
supernatant ^d after centrifuging at 2,500 r.p.m. for 10 min. contained 
only a smaB percentage of the orq^l activity. . 
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Finally cultures of the ruminal microflora were made in liquid and solid 
media containing tryptose and lotaustralin. Two organisms were found 
to grow well under aerobic conditions: a Gram positive diplococcus, and 
a Gram negative bacillus. Cultures of these organisms readily hydrolysed 
lotaustralin. These facts, together with the data to be presented in the 
remainder of this paper, leave no doubt that the ruminal microflora are 
capable of releasing HCN from cyanogenetic glucosides. 

The Rate of Hydrolysis of Lotaustralin by ruminal microflora in vitro 

The rate of hydrolysis of lotaustralin by ruminal microflora was 
measured by withdrawing a sample of rumen liquor and rapidly trans- 
ferring this to an incubator where any sediment and large food particles 
were allowed to settle. The supernatant liquid w\is decanted off into the 
reaction tubes. Glucoside was then added at a rate varying from ^-1 ml. 
of solution per 10 ml. of ruminal liquor. The time interval between taking 
the sample and the commencement of the reaction was less than 5 min. 
The temperature was maintained at 37^c. The reaction vessel was a 
test-tube, tightly corked, from which 1 ml. samples were taken very rapidly 
at intervals for analysis. At first the incubation was carried out under a 
layer of paraffin oil to prevent loss of HCX and to maintain an aerobic 
condition, but this proved to be unnecessary. The simple technique 
described might be criticized on the grounds that there would be loss of 
HC'N each time the tube was opened and a sample taken. Using 
glucoside of known strength it was found that within experimental error 
(“b 5 per cent.) there was no loss. The reaction is certainly aerobic, 
whereas in the rumen it is anaerobic, but this likewise had no significant 
effect, possibly because the reaction is fast and completed before aerobic 
conditions have time to modify the bacterial population and activity. In 
the interests of rapid working this crude but effective method was used 
in all incubation experiments. 

Some typical results obtained are given in Table II: — 

Tablk II. Hatk of IIyuroi.ysis oi’ I.otavstrai in 


1 

Conen. of (i)ucoMde as HCN 


'rime to SO rent 

1 )atc i 

j in Reaction Vessel 

pH 

1 Hn’cIioInms 

1 

1 (Mg- ”'1-^ 

1 

i (Minutes) 

22 9 47 

17 

' 6.8 

16 

24 9.47 

17 

' 

i 22 

27 4;48 

30 

; 6.0 

1 10 

S 5 48 

30 

1 7.4 

10 

18 '8, 48 


; 7.3 

' 4 


These rates show that the hydrolysis is rapid. In the sheep itself 
the rate must be even more rapid, since in the in vitro work there is 
dilution of about 10 per cent, and some chilling (about 7^c.) in the 
few minutes following withdrawal of the sample. The concentrations of 
glucoside in these reactions are the same order as those used in the sub- 
sequent in vivo experiments. The results indicate that the maximum rate 
of production of HCN should occur at an interval not greater than about 
15 min after administration of glucoside. 
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The optimum pH of the bacterial reaction was measured by the same 
technique. The sample withdrawn was brought to the desired pH by the 
addition of either dilute ' acetic acid or caustic soda. The rates of 
hydrolysis were then measured and corrected for the slight dilution by 
acid or alkali. This was' repeated at a subsequent date, but the two 
determinations agreed well. The pH curve so obtained is given in 
Fig. 1. 



By comparison with the pH curve of the enzyme linamarase (Coop, 
loc. cit.) the bacterial hydrolyris is much less tolerant to acid conditions. 
Whereas linamarase possesses 90 per cent, of its maximum activity at pH 
5.0 and 60 per cent, at pH 4.0 the bacterial activity is reduced to a low 
value even at pH 5.0. This indicates that the hydrolysis in the rumen is 
a function not only of the enzyme system within each bacterium, but is also 
a function of the medium as an environment for bacterial growth and 
metabolic activity. Hie normal range of the pH found in the rumen of 
she^ is approximiitely 5.5-7.5 which cmnci^s with the conditions of 
qitimum hydrolysis by ruminal fluid. On the alkaline side, the activity 
falls to below 10 per cent, of the maximum at a pH of 8.6. This fact will 
be referred to latw, in Part III, for it is posrible to delay the hydrolysis 
in the sheep by inducing an alkaline reaction in toe rumen. 
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The Effect of Salts and Sugar on Rate of Hydrolysis in vitro 

At various times it has been stated that the administration of glucose, 
sulphur, sodium thiosulphate, ferrous sulphate, and other substances is 
beneficial in the treatment of cyanide poisoning (van der Walt, loc cit.). 
The effect of these substances on the hydrolysis of glucosides was 
measured in vitro, 10 ml. of rumen liquor was incubated for IS min. 
with each of the following substances and then 1 ml. of glucoside solution 
added to give a concentration of .15 mg./ml. (equivalent to 15 /4g. 
HCN/ml.). The following results were obtained (concentrations expressed 
as the concentration in the reaction vessel): — 

(i) Glucose SO mg./ml. Velocity reduced to less than 5 per cent. 

(ii) Glucose 10 mg./ml. Velocity reduced to approx. 10 per cent. 

(iii) Glucose 2 mg./ml. VekKity reduced to approx. SO per cent. 

(iv) Sulphur (Flowers) 1 mg./ml. Velocity reduced to approx. 75 per 
cent. 

(v) Sodium Sulphide 1 mg./ml. Velocity reduced to' approx. 70 per 
cent. 

(vi) Sodium Thiosulphate 1 mg./ml. Velocity reduced to approx. 80 per 
cent. 

(vii) Sodium Nitrate 1 mg. ml. Velocity reduced to approx. 75 per cent. 

(viii) Ferrous Sulphate (hydrated) 1 mg. ''ml. Velocity reduced to approx, 
so per cent. 

It will be noticed that all reduced the rate of hydrolysis, the most 
significant being glucose. The salts and sulphur in the concentrations used 
certainly reduced the rate to some extent, and whether this was due to a 
depressing effect on bacterial activity or due to their entering into some 
detoxication mechanism is not known. The effect of glucose is noteworthy. 
A dose of 30 g. of glucose (equivalent to 10 mg./ml. in a 3-litre rumen) 
reduces the rate of hydrolisis to 10 per cent, of its original value. No 
doubt this is the cause of the antidotal value of glucose, van der Walt 
(loc, cit,) and Worden (7), explain the influence of glucose as combining 
with HCN to form the cyanhydrin. This is unlikely, seeing that the 
cyanhydrin is already an intermediate compound in the hydrolysis of 
glucoside to yield glucose, HCN and another constituent. A more likely 
e.xplanation is that the readily available glucose competitively inhibits 
attack on the glucoside by the bacteria. When there is ample glucose there 
is no need to utilise glucoside. Further proof that glucose does not hold 
the HCN as cyanhydrin was obtained by aerating solutions containing 
3 />g./ml. and 1 jug./ml. of HCN at 37°c. and at a pH of 6.5. alone, and 
in the presence of 2 f)er cent, glucose. The glucose did not decrease the 
rate at which the HCN was given off by aeration. The HCN plus 
glucose was then incubated for 40 min. both with and without ruminal 
liquor. This did not have any effect either, though incubation for 24 hours 
did procure a significant reduction. The conclusion must be reached 
therefore that glucose does not affect the absorption of HCN in the rumen 
but influences its rate of production from the glucoside. 
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Rate of Hydrolysis of Glucoside and of Absorption of HCN in vivo 

Having shown that the microflora of the rumen can bring about the 
Hydrolysis of lotaustralin with release of HCN at such a rate that the 
addition of enzyme preparations would not be of any advantage, all ad- 
ministrations of glucosides were carried out in the complete absence of 
enzyme. 

Glucoside solution was introduced into the rumen through the fistula, 
and ruminal samples taken at intervals for determination of HCN present. 
In the case of HCN administration samples taken for HCN estimation in 
the first 10-15 min. tended to be unreliable, but where one is measuring 
HCN produced from a substance containing no free HCN it would be 
expected that the values would be more consistent and more reliable. This 
was found to be true, though there were still irregularities due to incom- 
plete mixing in the rumen. 

The results obtained at various times over a period of 8 months are 
given in Table III. In every case the dose was the same, l.lg. of 90 per 
cent, lotaustralin (equivalent to 100 mg. HCN). 

Tabi-e III. Concentration of UCN in Ki'mic.v Kxprksseo as ( ii ,. mi,. 

AT InTKRVAI.S after DOSING with l.OTAl'STRAI IN 


Experiment No. 

^ i 

i 

11 1 

I i 

! 12 ; 13 

14 

; 15 

Dose (as HCN) 

100 ni^ 

i 100 nif?. 

100 mg 1 

' 100 mg 1 100 mg 

> 100 mg 

■' 100 mg. 

pH of rumen 


6.10 

6.32 I 

i 7.12 j 6.54 

j 6.82 

S.12 

Time (Minutes) 

5 

! 6.7 



i 1 

1 

7.7 ! 20 

6.5 


10 

3.1 

9.7 


i 7.2 1 15 



15 

1.3 

3.0 


1 1 


' 6.2 

30 

0,2 

0.6 

3.9 

1 ‘ 

' 3.4 

5.0 

45 

• 

0.2 

2,7 

1 i 

1 1.9 


60 

0,0 

0.1 

2.5 ] 

1 } 

1 


4,3 

120 



0,1 

! I 

1 

3.0 

180 

i 


j 

! ! 
i 1 

i 

1 

' 2.1 


The values quoted are those actually obtained, and are not taken from 
smoothed curves. Assuming a ruminal volume of i litres, the theoretical 
HCN concentration for complete hydrolysis and without any absorption 
of HCN would be 33 ju.g./ml. The actual concentration in the rumen is 
the difference between the rate of production of HCN by hydrolysb and 
the rate of absorption of the HCN produced. The former can vary 
according to the ccmcentration and activity of the bacteria, while the 
latter varies according to concentration in .a manner illustrated in Table J. 

Several observations can be made on these figures: 

(i) The rate of hydrolysis is very rapid. In the case of Experiment 13, 
ai^rent hydrolysis had proceeded to the extent of 60 per cent, within 
5 min. and in Experiments 9, 12, and 14 to the extent of 20-25 per 
cent. The actual amount qf hydrolysis would be even greater since no 
allowance for absorption has been niade. 

Excluding Experiment 15, which was abnormal (see below) hydrolysis 
must for ^ practical purposes be complete at times, varying from 
10-15 min. in tire case of Erqreriment 9 to 1 hour in Eiqrerimmt 11. 

■(ii) ConskteraUe variation exists in £xperiment$ 9-14 between the con- 
. Mntrations at any given time. Tliis could not explained in terms of 
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pH, amount of feed eaten, and consistency of ruminal contents. The 
variation is probably due to varying concentrations and activities of the 
ruminal bacteria which in turn dei:)end upon the distribution of food 
intake over the previous 24 hours. ITnfortunately, the latter was not 
recorded at the time. 

(iii) Experiment 15 was specifically designed to reduce the bacterial 
activity. The sheep had been starved for 60 hours at the time of dosing, 
the pH was high (8.12) and the ruminal contents were very fluid. In the 
morning before dosing, KCN had been administered to determine whether 
the starvation affected rate of absorption of HCX (Experiment 5, 
Table I), and it was found that the latter was not markedly slower than 
normal. The data in Experiment 15 show that the rate of hydrolysis 
is definitely reduced. Initially at least 20 per cent, hydrolysis must have 
occurred in the first 15 min. but the maintenance of a concentration of 
2-3 /tg./ml. at 2-3 hours shows that there is still significant hydroly.sis 
taking place even then. The reduction in rate may be due either to a 
reduction in the concentration of bacteria or to pH alone or both. 

Hydrolysis of Lotaustralin in Wet Clover 

The experiments described alwjve dealt with the glucoside in a free 
state. In practice it is the fate of the cyanogenetic glucosides in the plant 
as eaten that is of greatest interest. The shee]) w^as therefore fed cyano- 
genetic plant material and the concentration of HC'N in the rumen 
measured.. Parallel experiments were conducted in vitro to determine 
the rate of hydrolysis by ruminal fluid. 

The first plant material given to the sheep was w^hite clover. The 
strain used contained both glucoside and enzyme. As it was considered 
important to know the rate of eating the sheep was not put out on to a 
clover paddock, but the clover was cut and fed indoors. Details of the 
•experiments were as follows: — 

(i) Experiment 16. The clover was cut with a scythe, gathered up and 
fed to the sheej) within 10 min. The clover itself was rather damp. The 
HCN content was 0.008 per cent. pH of rumen = 6.17. The sheep ate 
650g. in 45 min., after which the clover was removed. 

(ii) Experiment 17. The clover was dry, the day being fine and sunny. 
It was fed 10 min. after cutting. The sheep ate 800g. in 15 min., after 
which the clover was removed. HCN content was 0.008 per cent,, but 
the pH of the rumen was not recorded. 

(iii) Experiment 18. Same as for Experiment 17. Sheep ate 850g. in 
15 min. 

The results of these experiments are given in Fig. 2. In this graph 
are also plotted the results of in vitro experiments in which clover was 
incubated to determine the rate of HCN production. The clover was 
picked from the same plot, but unfortunately not on the same days as 
the previous in vivo experiments, so that the results are not strictly com- 
parable. The clover was bruised in a mortar to stimulate the physical 
state of ingested clover in the rumen and was then incubated both with 
ruminal liquor and with water (3 g. clover-f 12 ml. ruminal liquor or water). 
The time from picking to incubation was IS min. 
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The special features of these results are as follows: — 

(i) The in vitro hydrolysis is considerably slower than that of free 
glucoside, the time to* half decomposition being of the order of 40 min. 
as against 10-20 min. for free glucoside. Furthermore, the enzyme present in 
the clover must account for most of the HCN released, even in the presence 
of ruminal liquor, since addition of the latter did not accelerate the pro- 
duction of HCN. 

(ii) Though the eating of 800 g. of clover is equivalent to 64 mg. HCN 
at no time did the HCN level of the rumen rise above 3 /ag./ml. This is 
undoubtedly due to the slower rate of hydrolysis so that the HCN is- 
absorbed almost as fast as it is produced. 

(iii) Peak HCN concentration is reached fairly consistently about 20' 
min. from the mid-point in time of the feeding period. This indicates 
that the in vitro reaction is slower than the in vivo, which is to be ex- 
pected. 

Hydrolysis of Lotaustralin in Dried Clover 

A sample of dried clover was made available from the Plant Chemistry 
Laboratory, Palmerston North. This clover contained glucoside, equiva- 
lent to 0.104 per cent. HCN, but it contained no enzyme at all. Incubation 
of the clover alone produced no HCN. Unfortunately, in anticipation of 
introducing the clover through the fistula the dried material ^d been 
ground. As it subsequently proved difficult to introduce through the- 
narrow hole of ^e fistula at a sufficiently rapid rate it had to bt fed 
to the idieep.^ Beii^ a powder, it was difficult to eat, but with some tram- 
ing and the'inclusion of 33 per cent, crushed oats, the sheep was coaxed* 
to rat some. 
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(i) Experiment 19. The sheep ate 160 g. over a period of 96 min. The 
HCN level of the rumen remained fairly constant between 0.8-1. 0 /tg./ml. 
during the feeding and fell to less than 0.1 /Jig./ml. 40 min. after taking 
the clover away. 

(ii) Experiment 20. The sheep ate 66 g. (=69 mg. HCN) within 15 
min., after which the clover was removed. pH of rumen was 6.0. 

(iii) Experiment 21. The sheep ate 50 g. (= 52 mg. HCN) in 15 min. 
and the feed was then removed. pH was not recorded. 

§imultaneously with the in vivo experiments, Nos. 20 and 21, in vitro 
incubations were made, using 15 ml. ruminal liquor plus 0.5 g. dried clover, 
this proportion being of the same order as that in the rumen. The results 
of Experiments 20 and 21 and of the parallel in vitro experiments are 
given in Fig. 3. As it was thought that the powdering of the dried clover 
might be responsible for the rapid rate of hydrolysis, the dust was sieved 
CiUt and the coar.se fraction not passing a 40 me.sh sieve was compared 
with the original material. This fractionation did not affect the rate of 
hydrolysis, the only difference being that the coarse fraction was rather 
lower in HCN than the original. In Fig. 3 the in vitro curves are those 
obtained using the coar.se material. 



Fig. 3 



290 ■ Thk N.Z. Journal of Scienck and Tech noi.o«;v 


(Feb. 


From Fig. 3 it will be seen that: 

(i) The time to half decomposition in the in vitro incubations is 17-19 
min. Even in the complete absence of enzyme the bacterial hydrolysis is 
very rapid. 

(ii) Peak HC'N concentration in vivo is reached within 10-2S min. from 
the commencement of the feeding period and is reached earlier on the 
day in which the in vitro hydrolysis is more rapid (Experiment 21). 

Hydrolysis of Linamarin in Linseed Meal 

The only linseed preparation available was in the form of commercial 
linseed nuts, which were low in HCN content (0.030 per cent.) and >vere 
lacking in enzyme activity. 

In vitro incubation of crushed linseed nuts gave zero HCX due to 
absence of active enzyme, but when incubated with ruminal liquor at the 
rate of O.S g. linseed to 15 ml. of liquor the time to half-hydrolysis was 
15 min. The half-hydrolysis time, using free lotaustralin and the same 
ruminal liquor was 10 min. 

Experiment 22. Simultaneously with the incubation the sheep was 
given uncrushed linseed nuts, eating 380 g. in 15 min., after which the 
linseed was removed. The HCN content of the rumen was as follows, the 
times quoted being from commencement of feeding:- - 

1.6 jug./ml. at 15 min., rising to a maximum of 2.6 /*g. ml. at 30 min., 
and falling to O.S ;ug./ml. at 90 min. The pH was 7.4. 

On another occasion it ate 622 g. in 15 min. and the HCX content 
of the rumen fell consistently from 1.5 /xg./ml. at 15 min. to 0.3 jug. ml. 
at 60 min. The pH was not recorded, and on this occasion no incubation 
was made. 

These observations prove that:— ^ 

(i) Linamarin is rapidly hydrolysed by rumen microflora: 

(ii) Assuming the rate of hydrolysis of linamarin and lotaustralin to 
be the same, which is likely on account of their similarity in con- 
stitution, the rate of hydrolysis of linamarin in crushed linseed is 
about two-thirds as rapid as that of the free glucoside (half time 
15:10 min.). 

(iii) The HCN in the rumen remains at a low level. As the nuts fed 
to the sheep were uncrushed, the comparison between in vitro and 
in vivo cannot be carried far. 

Hydrolysis of Amygdalin in the Rumen 

By the previously described in vitro technique it was shown that 
the bacteria hydrolyse amygdalin readily, the rate of hydrolysis being 
about 60-70 ^r cent, as fast adth lotaustralin. As further confirmation of 
tWs hydrolysis, the sheep was dosed per fistula with 1.7 g. amygdalin 
equivalent to 100 mg. HCN. The pH of the rumen was more alkaline than 
usual, visf., 7.62. The values of HCN concmitration in the rumen were as 
follows:— 10 min., 3.9 Mg./ml.; 30 min., 1.7/4g./ml.; 60 min. 0.2 jug./ml.; 
90 min., 0.1 /tig./ml. These figures are comparable with those obtidned 
by a similar, dose of lotaustralin (Table II). 
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pH and Buffering Power of Ruminal Liquor 

One would expect the fluids of the rumen to possess considerable buffer- 
ing power, and this proved to be correct. Thus the addition of 1 ml. 
O.Sn. NaOH to 10 ml. rumen liquor usually raised the pH to 9-10. but 
not beyond. The buffering power is greatly influenced by the state of 
the ruminal contents, the rumen of a starved sheep having a much lower 
power. Thus the addition of 1 ml. of O.In. XaOH per 10 ml. of rumen 
liquor changed the pH by only 0.37 in a well-fed sheep and by 2.0 in a 
starved sheep with very fluid ruminal contents. On one occasion when 
lime was added it took 2 mg. CaO 'ml. to shift the pH from 6.5 to 9.5. 
In an endeavour to produce alkaline conditions in the rumen without 
administering caustic alkalis the sheep was given powdered chalk. Over- 
night it ate 80 g. CaCO- with its food. The following morning it ate a 
further 40 g. with hay and 20 g. was introduced through the fi.stula at 1 1 
a.m. An hour later the pH was only 6.62. 

These olxservations are of interest, for throughout the literature 
references are made to acid or alkali-producing diets having an effect on 
HC'N liberation. As the pH is not measured and quoted it is believed 
that such statements can be misleading. In 18 months of measuring 
ruminal pH’s on a varietv of diets and under a variety of conditions, the 
extreme values obtained were 5.5 and 8.5. 

Fig. 1 shows that the rate of hydrolysis of glucoside by ruminril bacteria 
is reduced to a low level in the region of pH 8.0~9.0. Some considerable 
reduction in hydroly.sis can therefore be expected under practical conditions 
at the more alkaline pH's. On the other hand, some authors (van der 
Walt, loc, cit.) also contend that these alkaline conditions decrease the 
rate of ab.sorption of HO\ since some of the cyanide will be present as 
CN ions. This is clearly of little sigificance since the pK for Ht'X is 
9.14 and the pH wxjuld have to hise above 9.0 before much cyanide 
was present in the ionic form. This has been borne out in any case by 
the results quoted in Table I. 

Discussion 

The practical implications of the observations made in this paper will 
be discussed in Part III. 
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Summary 

Dipping trials have l>eoii conducted with derris, bentonite-sulphur, 
D.D.T. and benzene hexachloride against the sheep ked and the sheep louse. 
Derris has been shown to be very effective against keds but its control of lice 
has not been satisfactory l^ntonite-sulphur has proved to be unsatisfactory 
for the control of both keds and lice. D.D.T. has t»een shown to lie capable of 
controlling keds but, like Derris, cannot be relied upon to control lice. The 
best material tested was benzene hexachloride, which controlltnl keds with 
the same efficiency as derri.s or D.D.T., but in addition, as far as the experi- 
ments have gone, has shown promise of controlling lice The practical 
limitations and possibilities of the use of these materials in sheep dipping 
are discussed . 

Introduction 

In recent years attempts have been made to produce sheep dip.s other 
than the standard arsenic and phenolic types. The latter are far from 
ideal in that they are poisonous and are not completely effective. W'liil.st, 
for instance, the majority kill all adult keds at dipping, the materials 
do not last long enough in the fleece to kill the pupae when they hatch, 
and so provide little measure of control, ('onsidcrable improvement 
in effectiveness was made when the so-called ‘ quick-acting ‘ types 
came into use. In these an extract of Derris root, containing the active 
principle, rotenone, was incorporated and this gave a greater measure 
of ked control for it killed all adults and remained in the fleece for suffi- 
cient time to be toxic to newly hatched pupae. Even so, these com- 
mercial dips are not entirely satisfactory. They are poisonous to sheep 
and humans, they are expensive and their period of toxicity in the 
fleece is short. Thus any dip which is non-poisonous, is cheap and confers 
a longer period of toxicity, is to be preferred. In the ideal this period 
of persistence of toxicity needs to be of the order of 12 months, so that 
reinfestation from ‘ strj^glers ' or unmustered sheep cannot take place 
from one shearing or dipping until the next, one year later. In such 
an event external parasites should be capable of eradication with com- 
parative ease even on our rough hill country. 

In 1941 Morrison and McLeod (1) first sugge.sted the use of derris 
powder alone as a dipping material for the control of keds (Melophcifius 
ovinus) and body lice (Bovicola ovis). Their experiments showed that 
a suspension of derris in water was highly toxic to keds, killing all live 
ones and remaining in the fleece long enough to kill all young keds 
•emerging from pupae. Thus a single dipping was sufficient to eradicate 
keds completely from a flock provided it could be isolated from un- 
•dipped sheep. 

Though the period of persistence of toxicity was not long (of the 
•order of 4-6 weeks) the dip had the advantage of being harmless to sheep 
and humans and of being very cheap. At the time it was thought that 
•derris was also equally effective against lice, though the number of ex- 
periments on lice was fewer. Since the publication of the original work 
Tnany thousands of sheep have been dipped in derris. The field ex- 
j>erience of derris dipping together with further experimental work 
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to be described later, has indicated two short -comings of derris powder 
dips. Firstly, in a considerable number of cjiscs, a temporary lameness 
has been reported by McLean (2) following dipping in derris. Secondly, 
our own work has .subsequently shown that derris, while killing all 
adult lice, cannot be relied upon to control them completely. This 
present paper reports the re.sults of further work with derris, particularly 
against lice. 

In search of new dipping materials, reports from I'.S.A. (3) indicated 
that bentonite-sulphur was toxic to keds and lice and furthermore 
ga\'e a much longer period of toxicity in the fleece than any material 
so far examined. It was claimed that this period was about 3(K) days. 
It was decided to te.st these claims. 

In 1946 the new' synthetic insecticides D.D.T. and benzene hexa- 
chloride became available in .sufficient amounts to test their effect on 
keds and lice. In the meantime experiments with D.D.T. and benzene 
lH‘.\achloride have been reported from overseas. Heath (4) showed that 
D.D.T. at a concentration of O.S per cent, in the dip killed all the keds 
and ])revented reinfestation for a period of at least five weeks. Mitchell 
«Tnd Heath (5) tested D.D.T. against the sheep tick {Ixodes ricinus) 
and found it to be fairly toxic though not completely satisfactory. 
They also prepared and tested many different types of D.D.T. emul- 
sion. Later, Heath (6) tried low^er concentrations of both D.D.T. and 
benzene hexachloride again.st keds, the concentrations of the crude 
insecticides ])eing 0.5 per cent.. 0.25 per cent, and 0. 125 per cent. The 
initial kill was complete in all cases and the period of toxicity w'as deter- 
mined by subjecting the .sheep to reinfestation. 'I'lie benzene hexa- 
chloride dips remained to.xic until the conclusion of the benzene hexa- 
chloride experiments 10 weeks after dipping. The D.D.T. dips were 
toxic 8 weeks after dipping but were no longer toxic in the fleece 14 
weeks after dipping. Heath concludes that either D.D.T. or benzeiu' 
hexachloride at 0.125 per cent, concentration is sufficient to eradicate 
keds provided isolation can be maintained. In V.S.A., Kude and Par- 
i.sh (7) dipped 5,000 sheep and goats in a 0.2 per cent. D.D.T. dip and 
showed that they remained free of keds for 13 weeks after dipping. 
In Australia D.D.T. has given promising results (private communication 
N.P.H. (Iraham) where good control of keds was achieved w'ith 0.1 per 
cent. D.I).T. The concentration fell considerably as the sheep were put 
through the dip. With a 1,0(M) gal. power spray dip the concentration 
fell from 0.08 per cent, to 0.05 after 1,(K)(J sheep had been dipped. 
Nicol (8) obtained complete control of keds at a concentration of 0.2 
per cent, and there was also some ' stripping out ' of the D.D.T. 

In the dipping trials reported in this present paper much lower 
concentrations of D.D.T. and benzene hexachloride were used and 
their effectiveness against both keds and lice w^as inv('stigated. Xo 
attem])t has been made to detennine the effect of these dips in Wow'fly 
strike prevention, though it is recognized that this feature may also 
he of importance. 

Experimental Tkchniqi’e 

The technique used was the same as that of Morrison and McLeod (1 ). 
The sheep were dipped individually in a small portable tank holding 
50 gal. of dip, the sheep being held in the bath for 30 seconds appro.vi- 
mately. After dipping, the sheep of each group were isolated in double- 
fenced pens. Keds and lice were counted before dipping, about 5-10 
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days aftor dipping and tliorcaftcr at monthly intervals. Keds and pupae 
were easy to count but lice were often difficult to find. At least 20 
minutes* examination of each sheep was made before declaring it free of 
lice. 

In recording the degree of infestation an arbitrary classification 
has been made into heavy, medium and light when the ked or louse 
populations were >30, 10-30 and 1-10 respectively. These have been 
recorded in the tables as f -f F + and + respectively whilst complete 
absence is designated thus The sheep used were sometimes of 
mi.\*ed breeds and type. In as far as breed type influences dipping, 
this has been recorded in the tables as (*\V- coarse woolled, such as 
Komnev h2nglish Leicester and Border I.eicester, and as 1^'W— fine 
woolled such as Corriedale and halfbred. It was recognized that the 
length of wool on the sheep at dipping influences the amount of dip 
retained by the fleece and may therefore influence the cflFectiveness 
of the dip. C onsequently wherever j)ossible. and this was in the majority 
of cases, the sheep were dipped with 1-3 in. of wool as would b(‘ the (*ase 
under ordinary farming conditions. In a few cases sheep with 6-8 in. 
of wool were dipped, and this fact has been taken into account in the 
interpretation of results. In the large scale trials sheep were dipped 
under ordinary farm conditions. 


Derm : i<Esn.TS 

The data relating to the effect of derris r»n lia‘ are given in Tabh* 
I. The observation of Morrison and McLeod that derris produces 
a 100 per cent, initial kill was confirmed but it was found that aft(*r 
many months lice sometimes suddenly reappear. In 'Frials 1, 4 and 5 
the .strength of the dip w\is the usual \ lb. derris per HK) gal. In trials 
2 and 3 tlie concentration of derris was increased to the order of 2 lb. KKl 
gal. in the hope that a stronger dip would prev(*nt the reappearance 
of lice. The sheep of Trial 3 w'cre housed indoors, as they were part of 
a different experiment and in the 12 months up to the time of removal 
no lice appeared. In Trial 2, however, the sheep were fn^e of lice for near- 
ly a j ear but they did reappear eventually. 

Another scries of trials was conducted to determine the rate of 
deterioration of derris. Derris, as a horticultural insecticide, is known 
to deteriorate on continued exposure to light and air. Similarly in the 
fleece its effect diminishes either due to mechanical loss of the derris 
particles or to destruction of rotenone. To obtain soine idea of the 
rate of destruction of rotenone a sample of derris was spread thinly 
over calico sheets in a well lighted room so that any deterioration due 
to air and light would be accelerated. At intervals, samples were 
taken for determination of rotenone content by chemical analysis and 
of biological activity by their effect on keds. The results are recorded 
in Tabic 11. All lambs and hoggets were unshorn. It will be observed 
that over a period of 5 months the rotenone content fell from 4.2 per 
cent, to 3.1 per cent, but the toxicity to keds still remained at a high 
level though its effect on lice was poor. 

As a confirmation of the extreme toxicity of rotenone to keds, an 
extract of derris containing rotenone was tested under ordinary farm 
conditions, by dipping 260 crossbred ewes and 40 Downcross lambs. 
The dip contained the rotenone in emulsion form at a concentration 

.01 per cent, 'fhe keds were completely eradicated. In a small 
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(i) The number in brackets after tlie -f ^iRn, thu'' * fl), iiubeates the miint)er of sheep in the ^^olIp on which hre reappeared, 
(ij) Sheep were examined monthly but results are tabulated tri-monthly 
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Hexaciiloride 

scale trial using the same material the fleece remained toxic to keds 
for 4 months. The c()ncentration of derris rccfimmended by ^lorrison 
and McLeod and used in the field was .J lb. per 1(X) gal. At 5 per cent, 
rotenone content this is equivalent to a concentration of rotenone of 
<).()02S per cent. At tliis .strength complete control of keds was achieved 
and the period of toxicity w^as 4-5 w^eks. Trials w'ere made to deter- 
mine the minimum concentration required to control keds, with tlie 
following results : — 

(i) ().()016 per cent, rotenone (| lb. of 3.3 per cent, derris per 100 gal.) 
complete control. Toxic at 3 weeks but broke dowm at 6 wTeks. 

(ii) 0.00066 per cent, rotenone (one-fifth lb. of 3.3 per cent, derns 
per 100 gal.) complete control but fleece was not 100 per cent, 
toxic to keds introduced 3 weeks after dipping. 

<iii) 0.00025 per cent, rotenone (one-thirteenth lb. of 3.3 per cent, 
derris per 100 gal.) incomplete control. Some pupae hatched and 
survived. These confirm the original observations regarding 
tlie use of i 11). derris per 100 gal. and indicate that it would be 
unwise to recommend a lower concentration if a reasonable margin 
of safety is recjuired. 

licntoniii'-Siilphur : 

The composition of the American material was stated to he 70 per 
cent, bentonite and IM) per cent, sulphur and w’as prepared by fusing 
the sulphur with bentonite and then grinding to a fine powder after 
it had cooled. The finer details of the method of })reparation wTre not 
available. The material used here was made as follows : 5 lb. of 

bentonite was thoroughly dried in an air oven and ground in a 12 in. 
ball mill for 3 hours. 2,1 lb. of sulphur were added, tlie mixture ground 
for 8 hours, then heated to 160 ( . for 1 hour, cooled and reground for 
12 hours. A sieve analysis .showed that 96 per cent, passed a 100 mesh 
and 87 ])er cent, passed a 200 mesh. 

In 1940 trials were carried out with this material on 13 sheep heavily 
infe.sted with keds. Dij) concentrations were varied from 15 lb. to 60 lb. 
per 100 gal. In no case was a 100 per cent, initial kill produced and 
many keds survived the dipping. Similar results were obtained again in 
1945 wlien 8 lambs wTre dipped in concentrations varying from 5-10 
lb. per KM) gal. 

Jet -pulverised bentonite-sulphur plus 2.J per cent, of sulphite lye 
was then tried. Some keds survived the dipping but within 4 months 
all were dead. On the other hand a similar dip a few months later 
failed to control either keds or lice. To test the period of protection 
450 ewe lambs w^ere dipped under practical farming conditions in a 
bentonite-sulphur (7 11).) plus derris (i lb.) mi.xture. The initial kill 
was KM) per cent, probably due to the derris. After 7 months' isolation 
the lambs became mixed with ked infested ewes. At mustering 10 
months after dipping the lambs w^ere lightly infested. By 1946 some 
of the American material was available but it contained rotenone. It 
W'as therefore diflfiicult to separate the effects of the two components. At 
a concentration of 8 lb. per 100 gal. tlierc was a 100 per cent, kill of keds 
but some lice survived though they too disappeared after 2 months. 

The results with bentonite-sulphur have therefore been disappoin- 
ting. Not only is a 100 per cent, initial kill not obtained but the claims 
of long protection have not been substantiated. 
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Derris, Bentonite Suepiitr, D.D.T., and Benzene 
Hexacheoridi: 


D.D.T.: 

The D.D.T. dip was prepared in a number of forms. All D.D.1\ 
concentrations are quoted in terms of the pure compound. 

(1) D.D.T. -talc. The D.D.T. was dissolved in light naptha and 
acetone, mixed with talc, the solvent evaporated off and the D.D.T. -talc 
jnilverized. The powder was 20 per cent. j)ure D.D.T., 80 per cent, 
talc. 

(2) D.D.T. -sulphur. This is a commercial prejiaration containing 2(^ 
per cent. D.D.T. and 80 per cent, wettable .suljihur, jet pulverized. 
The D.D.T. in this ca.se was 50 per cent. pure. 

(8) D.D.T. -derris. Equal parts by weight of pure D.D.T. and derris 
j^owder were ground together thoroughly in a mill. The D.D.T. par- 
ticles adhered to the derris and were dispersed in water with .slightly 
greater difficulty than derris alone. 

(4) D.D.T. emulsion. This was made according to the recommendation 
of Mitchell and Heath. Pure D.D.T. was di.ssolved in benzene and 
emulsified in water u.sing sodium oleate and ca.sein as emulsifying agents 
on 22 1 1 46 and sulphonated ca.stor oil on 26 '2 -46. The concentrated 
emulsion (10 per cent. D.D.T.) was then diluted by pouring into the 
water of the dip. The emulsion was stable, with particle size about 

The results are set out in Table III. In tlie action on keds comj4eto 
control was achieved in all cases except the .01 per cpnt. emulsion on 
26 2 '47. This was the lowest concentration reached and it seems there- 
fore that the limiting concentration is of this order. The effect of 
D.D.T. on lice was not satisfactory, for while in all cases the initial 
kill was 100 per cent, the lice began to reappear after 2-8 months. 

A small scale test on the j>eriod of persi.stence of toxii ity of D.D.T. 
showed it to be 6 weeks in the case of D.D.T. -.sulj)hur at a concentration 
nf .02 per cent, and 8 months in the case of 0. 1 per cent. D.D.T. emul- 
sion. 


Benzene hcxachloride : 

The benzene hexachloride used was the crude commercial prejiaration 
containing 12-18 per cent, of the y-isomer. The concentrations used 
were of the order 0.(KK)80 per cent. 4). 0125 per cent. All concentrations 
tJiroughout this work arc expressed in terms of the y-i.somer. Tlie 
benzene hexachloride dips were also prepared in a variety of forms : - 

(1) lilmulsions fonn. The dip u.sed on 12/7/46 was a commercial dip in 
which the benzene hexachloride had been dissolved in phenol before 
emulsification. In that used on 22/11/46, the benzene hexachloride 
was dissolved in benzene and emulsified with sodium oleate and casein 
in the same way as the D.D.T. emulsion. The dip used on 26/2/47 
w^as similar except that the emulsifying agent used was sulphonated 
castor oil. In these emulsions the majority of the particles were of 
the order of 2-3/i diameter, though some were considerably larger, uj) 
to 30fi. This is partly accounted for by the fact that a fraction of the 
benzene hexachloride is not soluble in benzene. 
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(2) Benzene-hexachloride — derris powder. As with D.D.T. an attempt 
was made to absorb the benzene hexachloride on tlie derris particles, 
relying on the latter to produce the suspension. Tlie stickiness of 
the benzene hexachloride made the grinding together difficult. Never* 
tlieless a suspension was made containing particles distributed throughout 
the whole range 1-30/Lt, and these sedimented rather more rapidly than 
derris alone. The dispersible benzene-hexachloride— derris mixture 
was somewhat better in physical properties. 

(3) Dispersible powder. In this preparation, which was a commercial 
one, the benzene hexachloride had been absorbed on a solid dispersing 
agent, there being equal parts of benzene hexachloride and dispersing 
agent. This powder dispersed well. The particle size varied, most 
particles being in the range 1-8/Lt though some were as large as 15-20/x 
and these tended to settle out. 

The results with these dips are set out in Table IV. 

Except in the extremely dilute dips, complete control of keds was 
achieved. The dipping of UK) ewes and J0() lambs on 4/2/47 was carried 
out on a farm under practical farming conditions, 'riie ewes were 
newly shorn and veiy^ lightly infested with keds but the lambs were 
unshoni and were all very heavily infested. The ewes were put through 
the dip first and the lambs last. They were examined 8 days later 
and again 67 days after dipping. No live keds were found at any time. 

The period of toxicity of benzene hexachloride in the fleece w'as 
determined approximately by putting 20-30 live keds on to the sheep 
at various intervals after dipping ^nd then counting the number of 
live and dead keds a week later. As soon as 1 keel survived it was 
considered that the fleece was no longer toxic. At 0.0030 per cent, 
(dispersible benzene hexachloride) the fleece remained toxic for 3 months; 
at 0.0050 per rent, (anulsion) it was toxic for 4 months and at 0.0125 
per cent, it remained toxic for 5-6 months. In all these experiments 
concerning period of j.x*rsistcnce of toxicity, the sheep used had 2-3 
in. of wool at dipping. 

The trials in the very dilute dips om 16/6/47 and 10 7/47 were de- 
signed to determine the minimum toxic concentration of benzene hexa- 
chloride. The results showed that at 0.0012 per cent, complete control 
was effected and that the fleece was toxic to introduced keds for a 
period up to 9 weeks. The 0.00060 per cent, dip also gave complete 
control but the fleece was not toxic to keds introduced three weeks 
after dipping. The 0.00030 per cent, dips, on the other hand, on both 
occasions failed to give complete control. A concentration of 0.0(M)6 
per cent, must therefore be regarded as the knvest limit. 

The effect of benzene hexachloride on lice is less definite, because 
the sheep must be exanrined over a longer period of time. In all cases 
a 100 per cent, initial kill was achieved. At the time of writing lice 
have appeared on one sheep 5 months after dipping. In this case 
the dip was a derris-dispersible benzene hexachloride one which, along 
with the derris-benzene hexachloride mixture, was not entirely .satis- 
factory in physical properties and was in any case at a low concentra- 
tion— 4). 00 15 per cent. In all other cases at benzene hexachloride 
concentrations varying from 0.003 per cent. 4). 01 25 per cent, no lice 
have yet appeared though the time since dipping varies from 6-12 
months. No lice have yet appeared on the sheep dipped in the very 
dilute dips, -0.0003 per cent.-0.0012 per cent, though in the.se cases 
it is still only 2 months from dipping. 
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Discussion 

With regard to derris, the present work together with held data 
over several years has served to confirm the extreme toxicity of either 
derris powder (»r of rotenone to keds. Not only do they destroy all 
living keds at dipping but they remain in the fleece for a sufficient 
time to kill all j’oung keds emerging from pupae. Provided tlie flock 
is not subjected to reinfestation with keds from undipped sheep, one 
dipping suffices to eradicate keds entirely. It follows that many of 
the materials at present incorporated in compounded dips are super- 
fluous. A further point in favour of derris is that it is non-poisonous 
and is much cheaper than any other known dip. 

On the other hand it must be admitted that derris does not give 
the same control over lice. In all cases derris kills all adult lice. The 
results show that the sheep remain apparently free of lice for .se\'eral 
months and that in some cases they then suddenly reappear. Wh\’ tliey 
should not appear, often until 9-10 months after dipping, is not known. 
Since the examination of the sheep is very thorough, it can scarcely 
be due to the louse eggs hatching within a few weeks oi dipping or tiu* 
young lice v^^juld have been observed earlier. No explanation of this 
can be given. With most lice such as human lice and ))ig lice, the 
period of incubation is only a few weeks. In this respect ver\* littU* 
is known of the life history of the sheep louse, so it is difficult to discuss 
what factors cause the reappearance of lice after such long ])eriods. 
What is known, from experiments at the College, is that keds and par- 
ticularly lice on isolated sheep vary in number from time to time with 
the nutrition and thrift of the host, and with seasonal conditions. In 
one case, two lice-infested sheep in low condition were found to l)e free 
of lice after shearing and an improvement in condition was noted. I his, 
howev'er cannot alter the fact that derris does not completely control lice. 

The other disadvantage of derris, namely that it sometimes causes 
lameness, is al.so unexplained. The lameness is of a temporary nature 
appearing within a few days after dipping and rarely lasts for more 
than 2-3 weeks (2). No mortality occurs l)ut it gives the slieep a .set- 
back. Outbreaks occur sporadically, affect some flocks and not others, 
and affect varying numbers within a flock. The only clue known at 
pre.sent is that it seldom if ever occurs in sheep dipped on the same day 
as the dip is made up, but occurs more frequently on subsequent days, 
or after large numbers have been put through the dip. As far as is 
known, derris extracts containing rotenone do not cause lameness. 

The future of derris powder as a dip remains uncertain so long as 
the lameness problem is unsolved, liven with lameness and incj)mplete 
control of lice, derris still has a place until the ideal dip is discox ered. 
For instance, the number of flocks infested with lice is small, and derris 
is so cheap and effective against keds that its use will probably continue. 
Where it is easy to empty and refill the dip in order to use a fresh derris 
dip each day, derris is safe and reliable. For dipping ewes with lambs 
it is certainly safer than the standard arsenic and phenolic dips. 

The results with bentonite^siffphur were disappointing in \iew' 
of the claims made for it. This can hardly be due to the method of 
preparation, and the fact that recently imported material contains 
rotenone leads one to suspect that the American workers have sub- 
sequently been unable to substantiate their original claims. 

D.D.T..gave effective control of keds, thus confirming the observa- 
tions of Heath (4). The concentration of DJ).T. might possibly be 
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reduced below Heath's lowest concentration of 0.125 per cent, since 
our results show control of keds down to a D.D.T. concentration 0.02 
per cent. Some greater margin of safety may, however, be neceh.sary, 
for at 0.01 per cent, ked control was not achieved. Unfortunately its 
efficiency in lice control is not good, in fact it is less effective than derris. 
Though a 100 percent, initial kill was invariably achieved, lice reappeared 
within 2-3 months. Therefore like derris, it cannot be considered as 
a general purpose dip for both keds and lice but could be used for flocks 
infested with keds only. As far as is knowm D.D.T. is harmle.ss to sheep 
but insufficient field data is available. Only large scale practical use 
can prove whether or not it will exhibit any harmful effects. If it 
does not there may be a j)lace for it as a non -toxic, safe dip for ked 
infested flocks. 

Benzene hexachloride has given very promising results. Complete 
control of keds was achieved at all concentrations down to 0.0006 per 
cent. It would be advisable to use a considerably stronger dip than 
this however, to give a margin of safety, to take account of the strip- 
])ing out of the benzene hexachloride as the sheep are dipped, and to 
confer on the sheep some period of freed()ni from reinfestation. I'ntil 
more experience is gained a concentration of the order of 0.(M)3 can 
safely be recommended and will ensure complete control at one dipping 
together with 3-4 months freedom from reinfi‘station. A dip at sucli 
strengths .should lx* capable of manufacture at a relatively low cost. 

The effect of benzene hexachloride on lice is certainly better than 
that of any of the other materials tested. The initial kill was in all 
ca.ses 100 per cent. With one exception no lice have leappc'ared though 
some of the she<‘p have been dipped for up to 12 months. The sole 
exception was in one of three ewes dipj>ed in a derris- -benzene-hexa- 
chloride mixture at a concentration of 0.(M)15 per cent, where live lice 
have been found. It a|>pcars therefore that benzene hexachloride 
is also very effective* against lice. This, nevertheless, must be accepted 
with .some caution yet, for experience with derris has .sliown that there 
is still time* for lice to reappear. In addition, large scale trials against 
lice have not been possible eiwing to Jthe difficulty of locating lousy 
flocks. If the effectiveness of control of lice is confirmed, benzene 
hexachloride j)romises to provide a single comptment dip which will 
control both keds and lice. Our experiments do not differentiate 
between emulsion or suspension forms and it is probable that both 
have roughly equal potentialities. 

During last autumn several fliK'ks have been dipped in a commer- 
cial dip containing benzene he.xachloride and plienol. It was with .some 
astonishment that reports were received of lameness with this dip. 
McLean (2) has investigated these and has found that the conditi(jn is 
apparently identical with the derris lameness but the outbreaks are 
less frequent and not so widely distributed. Thus, whilst benzene 
hexachloride shows every promise of being an outstanding material as 
a sheep dip there is still this problem to be overcome before its use 
■can be advocated with complete confidence. 

There is one further point about both D.D.T. and benzene liexa- 
chloride w'hich is brought out by Australian w’orkers (private commu- 
nication N.P.H., Graham) but which has not been studied here. That 
is the ' stripping out ’ effect, wffiereby the D.D.T. or benzene hexa- 
•cliloridc is taken out of the dip by absorption on the wool as tlie sheep 
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are dipped. This results in the concentration in the dip falling as more 
sheep are put through. The optimum particle size in the dip, the rate 
of topping-up with more D.D.T. or benzene hexachloride have still 
to be decided. 
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Addendum 

.After twelve months had elapsed .since the l^enzene hexachloride trials at siren j(ths 
of 0*003 per cent, and greater (Table IV) against lice no lice had ap]H*are<l t onlirming 
that at these strengths the di]) is ef!er4ive. \t the very weak concentrations there 
^\ere still no lice after 8 months at dipping strength of 0*0012 per cent., hut lice had 
appeared and multiplie<l after 4 months on those dipped at 0*fKKI6 per cent A flock 
of 350 heavily lou.se-infested .sheep had been dipfwd under firactical conditions at a 
strength of 0*003 jier cent, and no lice had rea])]>eared after 6 months 
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CLASSIFICATION OF BARLEY VARIETIES IN 
NEW ZEALAND 

By J. P. Malcolm, Agronomy Division, Lincoln 

(Received for puhlicalion 31 January 

Summary 

Various niorpbological characters of barley have been reviewed for use 
in the classification of varieties grown in New Zealand. Characters most 
stable under varying environments were utilized for individual variety 
descriptions and for the arrangement of identification keys. 

Introduction 

The release by plant breeders of numerous agricultural varieties which 
are closely similar from the taxonomic viewpoint has resulted in difficulty 
.and often confusion in their identification. Varietal performance in 
barley is commonly measured by physiological characters such as yield, 
standing ability, disease resistance, and malting quality. However, unless 
these physiological characters are associated with distinctive morphological 
•characters, absolute identification under diverse environmental conditions 
is extremely difficult, if not impossible. A further complication arises from 
the fact that several of the newer agricultural varieties have been derived 
by mass selection. Individual plants within an agricultural variety may 
thus show considerable variation. 

As long as morphological characters themselves do not have an im- 
portant effect on the physiological characteristics that determine the 
value of the variety, they are of minor importance to the plant breeder 
and of no economic importance to the farmer. However, morphological 
differences are used by barley specialists in the recognition of agricul> 
tural varieties. After acquiring an accurate knowledge of varieties, the 
presence of ‘rogues’ or ‘off-types’ in crops is readily detected. A pure 
line of grain with high even germination is a necessity for the malting 
process and also to ensure high yields with even maturity. This last 
factor is essential for good condition of harvested grain and for the even 
behaviour of grain on the malting floor. 

Previous Classifications 

The development of systems of barley classification may be traced from 
1753 when Linnaeus in his ‘Species Plantarum’ first delimited species. 
Linnaeus and his followers utiliz^ spike characters alone for classification. 
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Field studies were attempted by Kornicke in 1885, but as these were 
confined to one climatic region and a small range of material, the import- 
ance of stability and variability of characters was not apparent. 

The study of stability in the field under different environmental condi- 
tions was commenced by Harlan (1914, 1918) who realized the need for 
studying the material in the field and following its development from 
seeding to maturity under different regional and climatic conditions. 

These principles advocated by Harlan, followed by Bell (1937), and 
later by Aberg and Wiebe (1946) have been followed in this study. 

The species classification adopted here to distinguish the small number 
of agricultural varieties in New Zealand follows that of Kornicke with 
minor amendments by Beaven (1947). 

Hordeum sativum Jess (H. vulgare Kckc,) 

Sub-species or Races (Fig. 1 ) 

1. Spike of six rows of spikelets, all fertile. 

A. Wide with short internodes, H. hexastichum L. 

B. Narrow, with long internodes, H. vulgare I^. (H. hexastichum Kcke,) 

2. Spike of six rows of spikelets, all fertile — two median rows normal, 

four lateral rows diminutive and without awns. H, intermedium Kcke, 

3. Spike with two median rows of spikelets fertile and four lateral rows 

infertile or staminate. 

A. Wide, with short internodes, zeocriton L. 

B. Narrow, with long internodes, H, distichum L, 

4. Spike with two median rows of spikelets fertile and four lateral rows 

rudimentary and without floral organs. H, decipiens Steudel, 

Method 

The classification studies were carried out at Lincoln between 1945 
and \94S with both autumn- and spring-sown material. Confirmatory 
observations were made by officers of the Department of Agriculture and 
by the writer throughout the principal barley districts of Marlborough, 
Canterbury, and Otago, 

The varieties at Lincoln were sown at intervals of four inches and 
two inches and also at normal seeding rate, in rows one foot apart. De- 
tailed notes were recorded in the juvenile stage, shooting period, flowering 
period, at spike emergence, two weeks after spike emergence, and at binder 
and header ripe stages. A sample of fifty mature plants was pulled and 
measurements were recorded in the laboratory. From this sample ten 
spikes were selected for detailed study. 

Varieties described include those grown commercially and those show,- 
ing promise in trials with possibilities of release. With the exception of 
Gisterne, all the varieties grown in the Dominion are of overseas origin. 
The present observations have, therefore, been compared with relevant 
descriptions in overseas literature. Descriptions of particular varieties and 
the sources of information include the following: — Gisborne (Archer 
1922); Kcnia (Anon. 1928); Cape and Pryor (Vears 1935); Chevallier,. 
Plumage Archer, Spratt Archer, and Victory (Bell 1937); Wong (Love- 
and Craig 1943); Pioneer (Bell 1944); Prefect (Anon. 1944); Newal 
(Aberg and Wiebe 1946) ; Golden Archer (Beaven 1947). 
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Fi(.. 1. — Suti-specic-s Ilf Hiirdeiiiii sativum, Jcs^. 

Lfft to riuiit : //. Inwasticliiiiii I..; II 7’iili/iin' I..: //. zt’ocnli'ti I..; 

II. distii'liiiiii L. 

The Barley Plant (Fig. 2) 

Stem: The cylindrical stem consists of hollow internodes separated by 
solid nodes at which the leaves arise. The .stem and the spike are joined 
by the collar. Environment and variety determine the length of the stem 
and the number of stems per plant. 

Leaf: (Fig. 3). A single leaf arises at each node and these are borne 
alternately on either side of the stem. The leaf consists of a sheath, 
ligule, auricle, and blade. The sheath encloses the stem and is split to 
the base on the side opposite the blade. In most varieties the sheath is 
glabrous, but in some it is covered with hairs. The ligule extends upward 
at the union of the blade and sheath. At its base the blade extends into 
two claW'Shaped auricles which clasp the stem. The uppermost leaf which 
is called the flag^eaf is normally much smaller than the others, and in 
some varieties is curled or rolled. The blade surface is rough and covered 
usually with a waxy dqxisit. 

Spike: The ^ike is made up of flowers attached at nodes of the 
racfais. The racbis is siflid and consists of alternate flattened nodes and 
intenuxtes. The groups of three spikelets are attached on alternate sides 
of the radiis, one group above the other. In two-rowed varieties only 
the central Sfnkelet of each group is fertile and produces a kernel. 
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Fig 2 — Barley plant (a) Spike, (b) Unsheathed iiortum of jwduncle, 

(c) Flagleaf; (d) I.eaf Blade, (e) Intcrmide 

Spikelet (Fig. 4); A spikelet consists of two glumes and the floret. 
The two outer glumes are linear, flat, possess small nerves, and terminate 
in an awn. 

Floret (Fig. 5) : The floret consists of the lemma, palea, racbilla, and 
the male and female flower parts. The lemma has five nerves and 
ierminates in a straight awn. The lateral and marginal nerves have, in 





Kig. 4. — Spikelct groups: Left, »Hi\-ro\ve(l l)arlcy; Kight, Two-nmeil liaricy; 
(a) central kernel; (b) lateral kernels (Mx-rowed) or sterile lateral 
florets (two-rowed); (c) awn; (d) outer glumes; (e) glume awns. 
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Fk. 5. — Rarlej fltirct . (a) Iciunia; (l>) |>al«<i, (c) anllm : (dl ntiU'i Ktnnie 
( After \Ikts and W ietx; ) 

some cases, numerous small teeth, but are usually smooth. The lemma 
may have either a depre.ssion or a transverse crease at its base on the 
dorsal side just above the point of attachment. The awn may be rough 
or smooth. The pal«i is curved inwards between its two nerves and is 
turned inwards at the margins. The rachilla is a continuation of the 
axis of the spikelet and lies within the crease of the kernel. It is covered 
with either long or short hairs. 

Kernel; The barley kernel consists of the caryopsis and the lemma, 
palea and rachilla. In most varieties the lemma and palea adhere to 
the caryopsis, whereas in others they are free and the caryopsis threshes 
out like wheat. 


Descriptive Cbakacteks 

I. GROWTH CHARACTERS 

This section deals with the manner in which the plant grows and its 
relation to environment and disease. 

Spring or Winter Growth Habit: Although it is possible either to 
autumn- or spring-sow a spring variety and obtain a mature crop, it is 
found that there is incomplete development of a true winter variety 
when spring-sown. The only winter varieties in New Zealand are Pioneer 
and Wong, which are, as yet, not commercially grown. Prefect is 
described overseas (Anon., 1944) as a winter variety because of a high 
deg^ of winter hardiness and its prostrate juvenile habit. However, 
Prefect completes devekqnnast and produces a crop whMj spring-sosm, 
IK^ter varices are characterized by a flat, fwostrate, juvenile growth 
balflt, while -spring varieties tend to be more erect. 
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Juvenile Habit: In the juvenile leafy stage of growth the barley 
plant may be ‘erect,* ‘semi-erect,* or ‘prostrate,* depending on the angle 
of the tillers with the soil (Fig. 6). The density of the strike some- 
what modifies the juvenile habit — spaced plants invariably tend to be 
more prostrate than crowded ones. 

Spike Emergence: Emergence is a more accurate index of rate of 
development than is time of ripening. Three groups are distinguished 
‘early,* ‘midseason,* and ‘late,* with a difference in time of emergence of 
from five to ten days between groups. 

Disease Reaction: The question of varietal susceptibility or resistance 
to disease is of vital economic importance. In New Zealand the most 
serious diseases have been controlled by various seed treatments. Pickling 
with fungicides and, latterly, dusting with organic mercurial dusts have 
effectively controlled covered smut (Ustilago hordei). In 192S hot-water 
treatment was first used to control loose smut (Ustilago nuda) and leaf 
stripe (Helminthosporium gramineum); today it is only on rare occasions 
that smut can be found in malting barley crops. Rust {Fitccinia spp.) 
is prevalent in certain seasons causing shrivelled grain and reduced yield. 
Powdery mildew (Erysiphe graminis hordei) may usually be found in the 
early part of the season. 

Wong is resistant to mildew, as reported by Love and Craig (1943), 
and Black Skinless shows some degree of resistance. Shands and Arny 
(1944) report the Newal is moderately resistant to stripe. However, 
definite reactions cannot be recorded until possible physiologic races of 
diseases present in the Dominion are determined by artificial innocula- 
tions 



Fig. 6.— -Juvenile growth habit: Left to right, erect, seiiii-crect, prostrate. 
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II. LEAF CHARACTERS 

Hairiness of the Leaf Sheath: The lower leaf sheaths of some varieties 
are covered with hairs which drop off or are broken off as the plant 
matures. Most varieties in this country are without hairs on the sheath. 

Pigmentation of Sheaths and Auricles: The red or purple coloration 
found in the leaf sheaths at the base of the plant and frequently on the 
auricles of some varieties is subject to seasonal and environmental fluctua- 
tions. The intensity of the colour is more pronounced after periods of 
prolonged cold weather. As a rule the two-row varieties develop some 
degree of pigmentation at the ba.se of the culms and often on the auricles, 
while six-row varieties are always free from pigment. 

Colour and Size of Leaves: Length, width, and colour of leaves show 
considerable variation, but because of difficulty in description and the 
effect of environment, are used only where differences are outstanding. 

Size and Habit of Flagleaf: The size and habit of the flagleaf are 
■observed and recorded at the time of ear emergence. Because of their 
variability th^ are included in the variety descriptions as subsidiary 
descriptive characters. 


III. STEM CHARACTERS 

Height of Plant: To determine the height of a plant, the distance from 
the ground to the base of the spike is measured. This character is easily 
influenced by environment, being useful only when two varieties differ 
significantly in height under all conditions. The groups used are ‘tall.’ 
‘midtair and ‘short.’ 

Length of Unsheathed Peduncle: The peduncle is that portion of the 
stem from the last node to the base of the spike. It may be completely 
sheathed or have a ^portion unsheathed below the base of the spike. 
Under adverse growing conditions the peduncle of a variety may be 
completely sheathed although not normally so. This character offers 
some assistance in the identification of two-row, lax-eared types. 

Strength of Straw: One of the important objectives in barley selection 
has been the improvement of straw strength. Certain six-row, feed 
varieties and some of the older two-row varieties in New Zealand are 
weak in this respect. Straw strength is affected by a number of factors, 
including diameter and quality of the straw, height of plant, nature of the 
root system, the stage of plant growth in relation to bad weather, the 
lieigbt and position of the spike and the incidence of stem diseases. 
Varieties are classed as ‘strong,’ ‘medium strong,’ and ‘weak.’ 

IV. SPIKE CHARACTERS 

Real differences in spike characters are not shown until at least a 
fortnight after spike emergence. The most useful spike characters at 
this and later stages are the number of rows of fertile kernels, the length 
of awn, the barbing of the awn, the ^ape, length, and density of the spike, 
the attitude of the i^ike, the colour in the awns and glume awns and the 
<teciduousness of the awn2$. 

Fertility: In six-row barleys all three spikelets of the group at a node 
arc fertile, giving six rows of grain around the rachis. In two-row 
harleys only the centre spikdet of each group of three at a node is fertile, 
faulting in'ti^ rows of grain around the rach&; 
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Frc.. 7. — Spike shape and attitude: Letc dense aiul erect; right, lax and 

drooping. 

Length of Awn: All varieties except one in this classification have long 
awns, about twice the length of the spike. Wong has short awns on the 
central rows of kernels and very short awns on the lateral rows. 

Barbing of the Awn: Most varieties possess awns barbed along the 
entire length. The one exception in New Zealand is Newal, which has 
smooth awns. 

Deciduousness of the Awns: This is an obvious field character, but 
is influenced by environment. Varietal differences also exist, and the 
variation in expression has been stated to be partly due to the ability 
of the plants to accumulate different quantities of ash in the awns 
<Pope 194S). 
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Spike Shape: Two groups of varieties can be distinguished: (1) the 
parallel type, where the sides are parallel throughout the length of the 
spike; and (2) the p 3 n:amidal type, where the sides converge towards 
the tip and sometimes towards the base of the spike. 

Length of Spike: The existence of large fluctuations limits the use of 
the character but in some varieties the spikes are very long and in others 
very short. Three broad groups have been distinguished for descrip- 
tions: 'long’, 'medium long’, and 'short’. 

Spike Density: In dense-eared varieties there are more spikelet groups 
per unit length of rachis than lax-eared varieties. Because of environ- 
mental fluctuations, density measurements are not stable within a variety 
and can therefore be used only where marked differences occur between 
varieties. 

Spike Attitude: Two or three weeks after emergence the spike assume*^ 
various attitudes due to the curving of the peduncle or of the rachis at 
the base of the spike (Fig. 7). Lax-eared varieties assume a nodding 
habit, but the speed at which this is attained varies. In dense-eared 
barleys the spike is usually erect, but may finally bend over when the 
grain is ripe. 

Pigmentation of the Spike: Before the grain begins to ripen there is 
a period when pigment on the lemma awns and glume awns and .some- 
times the lemma nerves and sterile lateral florets (of two- row varieties) 
reaches its maximum development. The six-row barleys and the Aus- 
tralian two-row varieties, Pryor and Research, do not develop pigment on 



Fig 8 — Kernel type: I-eft, covered; Right, naked 
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the spikes. Black Skinless is an exception because the lemma and palea 
become deeply pigmented while the kernel is Riling, but the colour fades 
as the grain ripens, leaving the kernel alone a deep purple colour. The 
intensity of pigmentation is influenced by weather conditions. 

V. GRAIN characters 

Covered or Skinless Grain: In all varieties in New Zealand, except 
Black Skinless, the lemma and palea adhere to the caryopsis and are not 
removed in the threshing process (Fig. 8). Such barleys are termed 
^covered’ barleys in contrast with ‘skinle.ss' barleys. 

Shape of Kernels: Samples of six-row barley can be recognized by 
the uneven size of the individual grains and by the twisted shape of some 
of the grains. Two-thirds of the grains in the sample will be twisted and 
somewhat smaller than the remainder. The smaller twisted grains are 
the lateral grains of the spike. The grain of six-row barleys is usually 
narrower than that of two-row barleys, which have even-sized symmetrical 
grains (Fig. 9). 



\J 


Fig. 9. — ^Kernel shape: Top row, even-sized symmetrical kernels of two- 
rowed barley; bottom row, symmetrical central kernel and smaller 
twisted lateral kernels of six-rowed barley. 
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Fk;. 10.— Base of the,. Grain : Left, transverse crease; Risht, depresMon. 


Length of Kernels: The only useful measurement of kernel size is 
length; because width and thickness vary too much with environmental 
conditions. Three groups are used: Mong’, ‘medium long\ and ‘short \ 

Colour of Caryopsis: The following caryopsis colours are found in local 
barleys: blue, white, and purple-black. Hector (1936) states that varia- 
tion in colour is due to the relative distribution of two pigments: a melanin 
compound which is black, and an anthocynin which is red in acid and 
blue in alkaline conditions. Harlan (1914) describes the interaction of 
these pigments as follows: ‘White denotes the absence of all pigments; 
anthocyanin in the aleurone (alkaline) results in blue barley; a skinless 
barley with blue aleurone and red pericarp (anthocyanin in acid condi- 
tions) results in a purple barley.’ 

Base of the Grain: There may be either a depression or a transverse 
crease at the base of the lemma on the dorsal side (Fig. 10). The 
character is often not fully expressed in an individual grain, but it is 
stable within the group providing suitable grains are selected for 
examination. 

Lemma Teeth: The lemma possesses five nerves, namely, the mid- 
nerve, the two lateral nerves next to the midnerve, and and two marginal 
nerves near the edge of the lemma. The midnerve is always without teeth, 
but the two lateral nerves may or may not possess teeth near the apex of 
the lenuna (Fig. 11). 
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Rachilla Hairs: The rachilla may be covered with long straight hairs, 
or with short downy hairs giving a fuzzy appearance (Fig. 12). No 
significant differences in the length of the rachilla were found within the 
range of material tested. 



I’ Ml. 11. — Lciniua teeth: Left, teeth <»n lateral iierve-s : Rij^ht, no teeth on 

lateral nerves. 

Origin and Description of Varieties 
The first group contains the two-row barleys arranged in alphabetical 
order, and the second group the six-row varieties. 

TW^O-ROW varieties 

chevallier 

This very old variety was selected in England in 1820 and repeated 
selections have been made since then. One selection, Kinver Chevallier, 
has been the predominant variety for many years in most barley districts 
of New Zealand, providing good yields of attractive malting grain. 
Chevallier is now out of cultivation in England because of its long, weak 
straw. Lodging is frequent on heavy land in this country. 

Description: Two-rowed spring barley; Hordcim distichum L. ; juvenile growth 
habit semi-erect ; plant late, tall ; basal leaf sheaths non-hairy ; base of culms pig- 
mented; leaves medium long, medium wide: flagleaf inediuni long, medium wide, 
rolled, twisted; top of peduncle mostly unsheathed; spike lax. long, parallel, 
nodding; awn long, barbed, pigmented; lemma with depression at base, no teeth 
on lateral nerves; rachilla short haired; kernels white, long, uniform shape and 
size (Fig. 13). 
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Kki. 12. — Hadiillct hairs: Left, short hairs; ri#»ht. lonin hairs. 


•GISBORNE 

Gisborne was at one time popular in certain districts with the synonym 
•of Wind-resistant’, but did not prove superior to other varieties in this 
respect. Its origin is uncertain, but it is probably a New Zealand selec- 
tion of Spratt. There is considerable variation in many characters within 
the line. The straw is moderately strong, and frequently the very dense 
spike assumes a twisted shape. 

Description: Two-rowed spring barley, Hordeuin zeocritoii L., juvenile growth 
habit semi-erect; plant late, inidtall; Ixisal leaf sheaths non-hairy; base of culms 
pigmented; leaves medium long, medium wide; flagleaf medium long, medium 
wide, not rolled, twisted ; top of peduncle mostly unsheathed ; spike dense, short, 
tapering, erect; awn long, barbed, pigmented; lemma with depression at base, no 
teeth on lateral nerves; rachilla short haired; kernels white, short, uniform shape 
•and size (Fig. 14). 

GOLDEN ARCHER 

This is a mass selection from a cross between Plumage Archer and 
Spratt Archer made in England. In appearance it is very similar to 
Spratt Archer. In extensive field trials since being introduced in 1937, 
it has shown distinct promise as a high yielding, good quality barley with 
the ability to stand well until ready for harvesting. On the heaviest land 
Golden Archer has lodged to a slight extent. A substantial area of the 
.variety was sown in Canterbury during the 1947-48 season. 
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Description: Two-rowed spring l>arley : //. disticliuni L. ; juvenile j^rowtli habit 
semi-erect; plant late, short: basal leaf sheaths non-hairy ; base of culms pig- 
mented; leaves medium long, medium wide; flagleaf short, narrow, rolled, twisted; 
top j)f peduncle mostly sheathed; spike lax, long, parallel, nodding; awn long, 
barbed, pigmented; lemma with depression at base, no teeth on lateral nerves; 
rachilla long haired ; kernels white, medium long, uniform sha]>e and size ( Simi- 
lar to Fig. 19). 

GOLDTHORPE SPRATT 

This variety was first grown in New Zealand in 1924, but has never 
been grown on an extensive scale. Tt has been popular on the lighter 
soils of Central Otago and Marlborough where it yields well. It is 
recognized as the best variety for malting, but is subject to lodging and 
shaking. 

Dcscripfioir 'I'wo-rowcd spring barley; If. zcocriton 1..; juvenile growth habit 
semi -erect : plant late, tall; basal leaf sheaths non-hairy: base of culms i)iginented ; 
leaves medium long, medium wide; flagleaf medium long, narrow', rolled, twisted: 
top of peduncle mostly unsheathed: spike dense, medium long, ])arallel, erect to in- 
clined: awn long, barbed, ])igmented. deciduous; lemma with transverse crease at 
kise, no teeth on lateral nerves; rachilla long haired: kernels white, long, 
uniform shape and si/e (Fig 15). 

H.H. 12 CULTURF 9 

Received in 1945 from the Plant Breeding Institute. Cambridge 
University, Culture 9 is a promising new unnamed .selection from a cro.ss 
between Maja and Spratt, It has a short, stiff straw, is early, gives a 
very good yield, but is only of average malting quality. Its best feature 
is its ability to stand until header-ripe without shaking or neck-break. 

Description ‘ Two-row cd .spring barley; //. distiehuin 1..; juvenile growth habit 
semi-erect; plant inidseaMMi, short, basal leaf sheaths non-hairy: base of culms pig- 
mented; leaves me(lium long, medium wide; flagleaf medium long, narrow, rolled, 
twisted; top of peduncle invariabl\ sheathed; spike la.\ ; medium long, jmrallel, 
nodding; awn long, barbed, pigmented: lemma with depression at base, no teeth 
on lateral nerves; rachilla long haired: kernels while, long, uniform shape and 
si/e (similar to Fig. lb) 

KKNIA 

Kenia is a Dani.sh barley derived from the cro.ss between Binder and 
(iold. In mo.st respects it is similar to Culture 9. 

Description 'fwo-rowed spring barley: II. distichuin 1. : juvenile growth habit 
.semi-erect; plant midsea.son, short: fiasal leaf .sheaths mm-hairy; base of culms 
pigmented: leaves meclium long, medium wide; flagleaf short, narniw, rolled, twi.sted: 
top oi peduncle nearl> always .sheathed: .spike lix ; short, jiarallel, nodding; awii 
long, liarbed, tiigmenled; lemma with depressiem at Iwse, teeth on lateral nerves: 
rachilla long haired; kernels white, medium long, uniform shape and si/e (Fig. 16). 

PIONEER 

This is a recently developed winter malting barley from the Plant 
Breeding Institute, ('ambridge University. Tt is a hybrid from a cross 
between Spratt Archer and Tschermak s two-row winter barley. Because 
of its winter hardiness, high yield, and good malting quality the variety 
may suit certain districts of New 2^aland where autumn sowing is prac- 
tised. Pioneer is definitely unsuitable for spring sowdng. 

Description: Tw'o-rowed w'intcr barley: D. distichuin L. ; juvenile growth habit 
I>rostrate; plant late, midtall ; ba.sal leaf .sheaths non-hairy; base of culms pig- 
mented; leaves medium long, medium wide; flagleaf medium long, medium wide, 
rolled, not twisted: top of peduncle usually unsheathed: spike lax. long, parallel, 
nodding; awn long, liarbed, pigmented; lemma with depression at base, no teeth 
on lateral nerves: rachilla king haired; kernels white, medium long, uniform shape 
and .size (similar to Fig. 19). 
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PLUMAGE ARCHER 

The variety originated from a cross between Plumage and Archer made 
by Dr. Beaven in 1905. It was introduced to New Zealand in 1924 and 
became popular because of its strong straw and standing ability on heavy 
land where where it gives good yields of relatively good quality grain* 
Neck-break reduces yield considerably in some cases. 

Description: Two-rovved spring biirley; 11. zcocriton I..; juvenik* j^rovvth habit 
semi-crect ; plant latt*, tall : basal leaf sheaths non-hairy ; base of culms pigmented ; 
leaves niediiun long, medium wide: flagleaf medium long, medium wide, rolled, 
twisted; top of |)eduncle mostly unsheathed; spike dense, short, tapering, erect; 
awn long, barbed, pigmented; lemma with transverse crease at base, no teeth on 
lateral nerves; rachilla long haired; kernels wdiite, long, uniform shape and si/e 
fPig. 17). 


PRYOR 

Pryor is an early maturing Australian variety introduced into \elson 
and Blenheim in 1937 and is now the predominant variety under the name 
of “Marlborough Chevallier’’. It is frequently confused with Kinver 
Chevallier, bpt is quite distinct in appearance and jierformance. Its 
early maturity suits the practice of late sowing, and also short, dry grow- 
ing seasons. The straw is weak and the malting quality definitely poor. 

Description: Two-rowed spring barley; I! distuhuni I..; jnxenile growth habit 
erect; plant early, short: basal leaf sheaths non-hairy; base of culms jdgmenled, 
leaves medium long, medium wdde; flagleaf medium long, narrow, not rolled, twisted; 
top of peduncle mostly unsheathed; spike la\, medium long, slight taper, nodding, 
awn long, barbed, not pigmented; lemma wdth de])ression at base, teeth on lateral 
nerves; rachilla short liaired; kernels white, short, uniform shaiie and si/.e ( h'lg. 
18). 

RESEARCH 

Research was defived from a cross between IMumage Archer and Pryor 
made in Australia. It has rapidly become popular in the Ellesmere 
Springs district and the substantial areas grown since the 1945-40 season 
have provided good yields of less than average quality grain. It matures 
about 10 days earlier than Plumage Archer and stands well for direct 
heading. The straw is moderately strong. 

Description: Two-row'cd spring Ixirley; //. zcocriton 1..; juvenile growth habit 
semi-erect ; plant early, midtail ; basal leaf sheaths non-hairy ; base of culms pig- 
mented; leaves medium long, medium wide, flagleaf medium long, narrow, not 
rolled, twisted; top of peduncle mo.stly unsheathed; spike dense, short, slight taper 
erect; awn long, barbed, not pigmented; lemma with transverse crease at base, 
no teeth on lateral nerves; rachilla long haired; kernels white, long, uniform 
shape and size (similar to Fig. 17). 

SPRATT ARCHER 

Spratt Archer originated from a cross between Irish Archer and Spratt 
made by Dr. Hunter in Ireland in 1908. It was introduced into New 
Zealand just before 1924, and is now one of the most important varieties 
in New Zealand. With short, strong straw, Spratt Archer produces good 
yields of excellent quality grain under most conditions. 

Description: Tw»o-rowed .spring Imrley; II. distichnm T.. ; juvenile growth 
habit semi-erect; plant late, short; basal leaf sheaths non-hairy; base of culms 
pigmented; leaves medium long, narrow; flagleaf short, narrow', rolled, not tw'isted; 
top of peduncle sheathed; spike lax, long, paralled, nodding; awn long, barbed, 
pigmented; lemma with depression at base, no teeth on lateral nerves; rachilla 
long haired; kernels white, medium long, uniform shape and size (Fig. 19). 




Fk;. 17. — Plumage Archer. 


Fk;. 18. — Pryor. 


h'lc. PA— Spralt Ardier 
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VICTORY 

This variety was introduced from England in 1937, but differs from the 
European description in having a short-haired rachilla. Overseas reports 
also mention its good standing ability which is not evident in crops grown 
here. A few hundred acres have been grown in Canterbury. 

Description: Two-rowed spring; barley; //. distichum L. ; juvenile growth habit 
semi-erect; plant iiiidseason, niidtall; basal leaf sheaths non-hairy; base of culms 
pigmented; leaves medium long, medium wide; flagleaf medium long, wide, nf)t 
rolled, not twisted; top of peduncle mostly unsheathed; spike lax, long, parallel, 
nodding; awn long, barbed, pigmented; lemma with depression at bjise, no teeth 
on lateral nerves; rachilla short haired: kernels white, medium long, uniform 
shape and size (similar to Fig. 16). 

SIX-ROW VARIFTIKS 


CAPE 

This is the most popular feed variety grown, occupying about 10 per 
cent of the total barley area. It has been grown in New Zealand for 
many years and originated in the Cape of Good Hope district in South 
Africa. The straw is weak and neck-break is common. 

: \Six-rovved spring barley; IL vulgarc J.. ; juvenile growth habit 
semi-erect ; plant early midtall ; basal leaf sheaths with a few hairs ; base of culms 
not pigmented; leaves medium long, wide, flagleaf medium long, wide, rolled, 
twi.ste(l; top of peduncle usually unsheathed; spike lax, short, parallel, erect; awn 
long, barbed, not pigmented ; lemma with transverse crease at base, teeth on 
lateral nerves; rachilla short haired: kernel blue, long, varying shape and size 
(Fig. 20). 

BLACK SKINLESS 

Black Skinless is grown mainly to provide grazing in the autumn and 
winter. It has weak straw and is subject to neck-break. About 6 per 
cent of the barley area is stated to be in this variety. Its origin was 
probably in the northern region of India. 

J)ejirription: Six-rowed spring barley: H. vulyare L. ; juvenile growth habit 
erect ; plant early, niidtall ; basal leaf sheaths non-hairy : base of culms not pig- 
mented ; leaves medium long, wide ; flagleaf medium long, wide, rolled, not twisted ; 
top of peduncle usually unsheathed; spike lax. short, tapering, nodding; awn long. 
Ixirbed, pigmented; lemma with depression at Inise, teeth on lateral nerves; rachilla 
long haired : kernel purple-black, short, varying shape and size. 

NEWAL 

This variety was introduced into New Zealand in 1937 from the 
University of Alberta, Canada. A few crops have been grown in recent 
seasons in Canterbury. The straw is medium strong but severe shaking 
occurs even before the grain is ripe. Newal produces a very fast, bulky 
greenfeed crop which will not, however, stand up to repeated grazing. 

Description: Six-rowed spring barley; //. vuhtarc L. ; juvenile growth habit 
erect; plant early, midtall; basal leaf sheaths non-hairy; base of culms not pig- 
mented : leaves medium, long, wide ; flagleaf medium long, wide, n>lled, not twisted ; 
top of peduncle usually unsheathed; spike lax, medium long, parallel, nodding; awn 
long, smooth, not pigmented; leinma with transverse crease at base, no teeth on 
lateral nerves; rachilla long haired; kernel white, long, varying shape and size 
(Fig. 21). 

WONG 

Wong is a hybrid barley produced in China, and now grown as a winter 
barley in the north-eastern states of America. It shows promise of being 
useful for winter grazing. The straw is strong and erect. 
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Description: Six-rowed winter barley; //. hcxastichnm 1-.; juvenile j?rowth habit 
prostrate; plant late, midtall ; basal leaf sheaths hairy; base of culms not pigmented; 
leaves medium long, medium wide; flagleaf medium long, medium wide, rolled, 
not twisted ; top of peduncle usually unsheathed ; spike dense, short, parallel, erect ; 
awn very short, barbed, not pigmented; lemma with depression at base; teeth on 
lateral nerves; rachilla long haired; kernels pale blue, medium long, varying shape 
and size (Fig. 12). 

PREFECT 

Prefect was obtained from the Plant Breeding Institute, Cambridge, 
England, in 1945. It is a recently selected hybrid barley from a cross 
between Praecox (a European six-row winter barley) and Spratt Archer. 

The straw is very long but is moderately strong and stands well. Prefect 
is a winter hardy grazing barley that produces a good plump feed grain. 

Description: Six-rowed spring barley; 11. vuh/arc L. ; juvenile growth habit 
prostrate ; plant late, tall ; basal leaf sheaths non-hairy ; base of culms not pig- 
mented; leaves medium long, medium wide; flagleaf niediuni long, medium wide, 
rolled, twisted ; top of peduncle usually unsheathed ; spike lax, medium long, parallel, 
nodding; awn long, barhed, not pigmented; lemma with depression at base, teeth 
•cm lateral nerves,; rachilla short haired; kernels white, long, varying shape and 
size. 


Identification Keys 
JUVENILE STAGE 


A. Frect habit. 

I ix*af sheath non -hairy 
(a^ Wry wide leaves 

(i) No pigment on culms Newal 

(b) Medium wide leaves 

(ii) Pigment on <'u|ms Pryor 


IL Semi-erect habit. 

I. T.eaf sheath non-hairy. 

(a) Very wide leaves. 

(i) No pigment on culms 

(b) Medium wide leaves 

(ii) Pigment on culms 


(c) Narrow leaves. 

(ii) Pigment on culms. 

11. Leaf sheath hairy. 

(a) Very wide leaves. 

(i) No pigment on culms. 


Black Skinless 

Chevallier 
Culture 9 
Gisborne 
Golden Archer 
Goldthorpc Spratt 
Kenia 

Plumage Archer 

Research 

Victory 

Spratt Archer 


Cape 


C. Prostrate habit. 

I. Leaf sheath non-hairy. 

(b) Medium wide leaves. 

(i) No pigment on culms. Prefect 

(ii) Pigment on culms. Pioneer 

II. Leaf sheath hairy. 

(b) Medium wide leaves. 

(i) No pigment on culms. Wong 
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IN New Zealand 

POST EMKRGENCK PEKIOD 

A. Six-rowed. 

I. No pigment on spike. 

(a) Long haired rachilla. 

, ,(i) Dens(‘ cared 

Spike erect 
(n) l.ax cart'd. 

Spike nodding. 

(b) Shoil liaired rachilla. 

(ii) Lax eaied 

Spike erect 
Spike nodding 
II Pigment on lemma 

(a) Longhaired rachilla 
hi) Lax eared. 

S])ike nodding. 


P. 'fwo- rowed 

1. No pigment on spike 

(a) Long hairt'd rachilla 

(i) Dense eared 

S])ike erect. 

(b) Short haired rachilla. 

(ii) Lax eared 

Spike nodding. 

II Pigment on sterile lateral spikHets and awn lips 
(a) Long haired rachilla 

(i) l)ens(‘ eared 

Spike erect. 

(ii) Lax eared 

Spike lUKlding 

Peduncle invariably sheathed. 

Peduncle occasionally sheathed. 
IVdiiiule usuall\ unsheathed. 

|b) Short haired rt'ichilla. 

(i) Dense eared 

Spike erect 

(ii) Lax eared. 

Spike nodding 


GRAIN CHARACTERS 

. ( overed grain . 

1. Short haired rachilla 

(a) Depres.sion at grain base. 

(i) J^ven shape and size 

No teeth on lateral lemma nerve.s 


I eeth on lateral lemma nerves. 

(ii) Lneven shape and size. 

'I’eeth on lateral lemma nerves. 

(b) U'ransverse crease at grain base. 

(ii) I'neven shape and size 

'I'eeth on lateral lemma nerves, 
nine colour. 

1 1 . Long haired rachilla. 

(a) Depression at gram base 
(i) Even .shape and size 

No teeth on lateral lemma nerves. 


'J'eeth on lateral lemma nerves, 
(ii) Uneven shape and size. 


Varieties 


Wong 

Newal 


Cape 

Prefect 


Black Skinless 


Research 


Pryor 


Goldthorpe Spratt 
Plumage Archer 


Culture 9 
Spratt Archer 
Golden Archer 
Kenia 
Pioneer 


Gisborne 

Chevallier 

Victory 


Chevallier 

Gisborne 

Victory 

Pryor 

Prefect 


Cape 


Culture 9 
Golden Archer 
Pioneer 
Spratt Archer 
Kenia 
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'Peeth oil lateral Jemma nerves. 

Pale blue colour. Wong 

(b) 't ransverse crease at grain base. 

(i) li!ven shape and size. 

No teeth on lateral lemma nerves. Goldthorpe Spratt 

Plumage Archer 
Research 

(ii) Uneven shape and size. 

No teetli on lateral lemma nerves. Newal 


B. Skinless gram. 

Purple black colour. Black Skinless 

One realizes that in work of tiiis kind it is diiticult to avoid errors and any niorli- 
lication or correction would Ik‘ welcomed by the writer. 
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Zl* ALAND KoMNEY MaRSII StUD-ELOCK IN 1938 Tin* 

Season oe the Facial Fxzema Outbreak 

A NOTK ON MORTALITY AND FERTILITY IN A NEW' 
ZEALAND ROMNEY MARSH STUD-FLOCK IN 1 9.38— 
THE SEASON OF THE FACIAL ECZEMA OI TBREAK 

By H. Goot, Massey Aftricultural C'ollege, Palmerston North. 

(Rccch'cii for publication, 1st June, 104^^} 


Suwniary 

The most severe outlireak of facial eczema in sheep in New Zealand 
occurred in the autumn of 1938 (Cooper and Walker 1940, Cunnint^ham 
ct aL 1942, and Levy 1942). As there is little, if any, factual information 
on losses incurred in facial eczema epidemics, a short table is presented 
pertaining^ to a stud flock \%hich was affected by the 1938 outbreak. The 
stud concerned, called Stud B, has lx‘cn described before ((ioot 1946) 

Table I shows the percentage* (i) of ewes w4iich died or were missing 
hchvccii mating and docking (ewes which died at parturition without giving 
birth to a lamb are also included in this column) ; (ii) of dry and aborting 
ewes (some ewes whose lambs were stilllxirn or died soon after birth are 
probatily included in this column): (in) of multiple births: and (iv) of 
lambs docked. 

Even allowing for a considerable margin of error in these data, there 
is little doubt that the stud flock was severely affected in the 1938 season 
The average mortality and percentage of dry ewes increased between three 
and four times. On the other hatul. the incidence of multiple births and 
the percentage of lambs docked decreased by one-half. It is of interest 
to note that the relative decrease in percentage of lambs dockt*d is rt'inark- 


'1 AIU 1 I 



No of Ewes 

ICwe*- Dead 

h' w es Di n I 

Multiple 

1 ainbs 

AKe-gKiup 

Put to Ram 

or Missing * 

1 oi \borting 

Bntbs. 

Docked 


1 

f 

Percent 

j IVr t eiit 1 

' 

Pei ci*nt 

P«M cent 


1938 Facial E.c/ema Year 



'2 -tooth 

67 

19.4 

41.8 1 

9 0 

41 8 

4-tooth 

66 ' 

10.6 

45 5 

16 7 

54.5 

6-tooth 

54 

16.7 

33.3 

24 1 

1 63 0 

V M and over 

105 

24.8 

31 .4 

27 6 

1 62.9 

Total 

292 

18.8 

37.3 

20 2 

1 56 2 



1941-45 Seasons 



2-tooth 

617 

2.1 

i 17.8 ' 

20.6 

84.3 

4-tooth 

431 

3.5 

. 10.2 

3.3.9 

109.7 

6-tooth 

353 

6.5 

1 4.8 1 

45.6 

, 123.5 

F.M. and over 

492 

7.9 

6.7 

50.0 

119.9 

Total 

L893* 

4.8 

1 10.4 ' 

_ 35.9 

106 7 


^ Between mating and docking. 

• I'ctal number of ewes in 5 year period. 

All percentages based on number of ew'es put to th<* ram 
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ably even in all age-groups, altliough the factors resi)onsil)Ie varied consider- 
ably ill the different age-groups. In the 2-t(M)ths, for example, the mortality 
was over nine times heavier than in .seasons free of facial eczema, but 
figures for dry and aborting ewes were only alnml twice as high; almo.st 
the reverse situation obtains in 6-tooths. 

It is emphasized that this note is based on one flock, and it may or 
may n(^t be typical of the situation olitaining generally. 

Thanks are due to Mr E. A. Clarke for reading critically the manu- 
script and for helpful suggestions. 
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STVDIKS ON SOMK NKW ZEALAND ROMNEY MARSH 

STLD-FLOCKS: 

Part I IT. TUPPING SEASON 

By H. (iooT, Massey Agricultural College. University of New Zealand. 

T’almerston North, New Zealand. 

{Rcicivcd ior hubluatwu, f> i cbnuiry ) 

Summary 

(1) 'riie folloNMilii aspect'' of the tupping sea'-on lia\e been evamined . 
Disirilmlion of the occurrence of first and last oestrus periods within 
the tupping season; duration of oestrus period and dioestrus cycle: re])eat- 
ability of the occurrence of the first oestrus in successive tupping sea.sons; 
mating of rams by hand service. 

(2) 7'he investigation indicated that: (a) the first oestrus within the 
tupping season occurred from the second week in March to the second 
W'eek in May; (b) the la.st oestrus in the tupping season depended mainly 
on the average number of tuppings per evNe; (e) the duration of oe.strus 
ranged from one to four days; (d) the length of the dioestrus cycle ranged 
from 4 to 55 days with a mean of 17.2 days, and in 9.1 per cent, of cases the 
range was between 14 and 19 days; (e) no .statistically significant differences 
in the length of the dioestrus cycles c(iuld he attrihuted to either age or 
season; (f) in the ca.se of the rams during the tupping season, from a half 
to three-quarters of the days w'ere spent either idly or with one, two, or 
three matings daily: (g) the average number of tuptungs per ewe was 1 

Introduction 

In a previous paper the author (Goot, 1946b) dealt with the age composi- 
tion of a stud flock prior to the tupping season. In this paper, certain 
data relating to the tupping season, which is herein defined as that |:)art 
of the sexual season during which the rams are run with the ewes, are 
presented and analysed. The scope of the investigation was necessarily 
conditioned by the fact that most of the data on which the paper is based 
was recorded by a stud-master for his own use and not expressly for the 
purpose of making this study possible. 

As breeders have found that stud ewes in the Manawatu district seldom 
come on heat during the first week of March (Buchanan 1945), the rams 
or the 'teasers^ are not turned out until between the 6th and 10th of March. 
As none of the 1,418 ewes, in all the seven years uhder review, was recorded 
as having been tupped before 1 1 March, this date was chosen for all the 
years and age-groups as the first day of the tupfiiiig season. 
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OCCURRKNCE OF THE FiRST OhSTRUS 

The percentages of ewes exhibiting within a week, their first heat in 
the tupping season were tabulated separately for each age-group and year 
in Tables 1 and 11. Data for the years 1943 and 1944 were not available 
because hand-service was not carried out in these seasons. The average 
proportion of ewes exhibiting the first oestrus in the tupping season was 
three i)er cent in the first week, ri.sing rapidly to 16 per cent in the second, 
30 per cent in the third and 31 per cent in the fourth: thereafter it fell 
abruptly to less than 10 per cent in each of the subsequent two weeks 
and less than two per cent in each of the last two to three weeks. The 
time interval ela|)sing between the first and last ewe coming on heat 
might appear to be rather great, but reference to work of similar nature, 
although based mostly on the .sexual sea.son, e.g., McKenzie and Terrill 
(1937), Schott ct al. (1939), Walker (1943), and Hammond (1944) shows 
that it is not atypical. It should be stressed, however, that nearly 60 
per cent of ewes, on the average, come on heat during the third and fourth 
weeks of the tupping season, i.e., the last week of March and the first week 
of April. In this resi)ect the differences between the age-groups (Table 
T) ranged from S2 per cent for 2-tooth to 67 ])er cent for 6-tooth, and 
between the years (Table II) from 47 per cent in 1939 season to S2 per 
cent in 1942 sea.son. 

The percentage ot ewt*s which came on heat up to the end of the 
fifth week of (he tupping .sea.son is also important, as it marks the approxi- 
mate completion (d the .sec(md ‘colour’ round of the sires.* 

It will be .seen that nearly 89 per cent of all ewes, on the average, 
came on heat within the first five weeks of the tupping season. The 
differences between age-groups ranged from 82 per cent for 2-tooth to 
per ceiil for full-nioulli aiul 5.l-year-ol(l ewes, and between the veai's, 
from 69 per cent in the 1939 .sea.son to 99 per cent in the 1942 sea.son. 

Although the differences between sea.sons were more pronouncd than 
between the age-groups, yet in the latter a di.stinct trend could be discerned. 
The 2-t()oth and 6i-year-old and older ewes were slower in coming on 
the first heat during the tupping sea.son than the remaining age-groups. 
As to .seasonal differences it will be noted in Table 11 that the onset of 
the tupping season in 1937 and 1938 w^as retarded and the .sea.son started, 
rather atypically, at a very high level, in the .second week. In all the 
other years, however, the fir.st ewT w^as tupped between the 11th and 17th 
^larch, usually nearer the latter date. The effect of .sea.sonal conditions, 
however, is most pronounced during the first five w^eks of the tupping 
.season, and especially during the peak period, viz., last w'eek of March and 
first week of April. Season influenced but little the time interval 
between the first ewe and the last coming on heat for the first time in 
the tupping season, the difference being only one week. Thus it seems 
that whether a season is, what a breeder calls, a good or a bad one depends, 
apart from the fertility of rams, on the way the ewes come on heat during 
those five weeks and particularly on the peak period of the tupping .season. 

The distribution of the occurrence of the first oestrus within the tupping 
season can also be classified in 1 7-day intervals corresponding to the mean 

* The bri.sket of sires are raddled to mark the ew es which are tiipi)ed. 
the colour of the raddle being usually changed on every 17th <»r 1 8th day. 
and thus each ‘colour* round approximates the average length of the 
oe.strus cycle. (See also Goot 194^.) 
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length of the oestrus cycle. The following are the percentages thus com- 
puted: 11 to 27 March, 30.7; 2 March to 13 April, 56.3; 14 to 30 April,. 
11.7; and 1 to 17 May, 1.3. 

OCCURRENCK OF THE LaST OeSTRUS 

Those ewes which do not conceive at the first heat period in the 
tupping season come on heat again until they are either in-lamb or the 
rams are withdrawn. Therefore, the shape of the curve of the last tupping 
depends on the fertility of both .sexes and its variations throughout the 
season, on the duration of the tuppinu season and on the distribution of 
the time of occurrence of the first oestrus within the tupping season. 

In Fig. 1 the distributions of the first and last oestrus periods in the 
tupping .season are compared. These curves are based on the records of 
rams who.se average number of tuppings per ewe varied from 1.1 to 1.8. 
Generally it may be said that the .similarity of these two curves decrea.ses 
with the increases in the average number of tuppings per ewe. However, 
it should be stressed that Fig. 1 must not be regardecl as showing the 
only possible relationship between the.se curves, becau.se the average num- 
ber of tupjjings per ewe does not give any direct indication of the 
variations in fertility throughout the tupping .sea.son. 

The curve of la.st oestrus indicates approximately the distribution of 
lambing. This will be di.scu.s.sed in .some detail in a later i)aper. 

Oe.stkus IbCRIOI) 

Oestrus was indicated by the ewe staiuling for the tea.ser, but it.^ 
duration could be a.scertained for the 1945 .sea.son only, as in this year 
every endeavour was made to allow the ewe to be served in the morning 
and evening of each day as long as .she would accept the ram ((joot 
1946a). 



Av . No I up . 

Per Lwe l.J 1.6 1.8 


First Tuppinv — 4-.Last Tupping 

h'ld. 1. — Di.strilmlion of the first and la.st oestrus periods (or first and la.st 
tuppings) in the tupping season in ewes put to rams who.se average 
number of tuppings per ewe ranged from 1.1 to 1.8. With ew'cs which 
have not ‘returned* first tupping ir la.st tupping. 
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lAHIf- lil I I NGIH 0!« OlvSlRl'S IN EWJ S IN 1945 Si ASO\ 


AK('-titoiii). , 

1 

1 

J.L’ss than | 
IdaN. 1 

Length of Oestiiis 

1 

1 da\ ^ 2<la\'. 

1 

1 ’oncxl 

a cla\ s 

1 otal 

4 da\ s 

1 

(> ' 

n 

(1 

1 

i> 

o 

1) 

\n 

2-l(K)tll ' 

1.1 1 

89.0 

1 24.1 

4.0 

1 

1.1 87 

4-tfK>lh 

« 5 

77 4 

' 12.9 

a 2 

ai 

8 tootJi 


57 7 

as. 4 

a. 8 

28 

lMill-\loutl» 1<J 


51 .4 

45 7 

2 9 1 

as 
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different ages. The individual periods were tlassified for length as fol- 
lows: (1) less than one day ewes tupped hy the teaser but refusing to 
stand for the ram when brought in; (2) one day ewes served on one day 
and refusing .service on the ntL\t morning; (5) two days ewes served on 
two consecutive days and refu.sing .'service on the third morning, and 
so on. Obviously, measuring the length of oestrus in days cannot be very 
))recise, and therefore a considerable margin of error must be allowed for 
(McKen/Je and Terrill 1087, Kelley 1087, and others). 

The duration of oe.strus ranged from less than one day to four tlays. 
There were less than two per cent of periods shorter than one day, 07 
and 27 per cent lasting respectively one and two fla\'s, and four per lent 
lasting more than two days. 

The re.sults obtained by other workers (Rou.x 1086, McKenzie and 
Terrill 1087. Kelley 1987. Kirillov 1088, and many others) show con- 
siderable variations in the length of oestrus period in different breeds, 
individuals, ages, .sea.sons, and localities. The only previous ob.se iwat ion 
on Romneys in this country indicated an oestrus period of 1.47 0.7 

days (Walker 1948). 

Diokstrcs ('vc'i.r 

The periodicity of oestrus, or the length of dioestrus cycle w^as tal- 
culated from the date of the first hand .service within an oestrus period, 
to the date of the first hand service within the next oestrus period. In 
this way 575 dioe.strus cycles w^ere ascertained and the relevant data are 
set out in Table IV. These figures are similar to those published by 
other workers (Milowanow 1982, Roux 1986, McKenzie and Terrill 1987. 
and many others), and for Romneys in this countrv bv (iill (1988), Dry 
(1938), Webster (1937) and Walker (1Q48). 

Differences in the length of dioestrus cycles due to age of ewes were 
found to be statistically not significant, a conclusion reached previously 
by McKenzie and Phillips (1981) and McKenzie and Terrill (1987). 
.Similarly, the differences between the means of the years w'ere found to 
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be statistically not significant, but further investigations of this aspect 
would seem desirable in view of the conflicting results obtained by other 
workers (Grant 1934, Klpatjevskii 1934, McKenzie and Terrill 19^W, and 
Briggs ct al. 1942). 

As shown in Table IV, 92.7 per cent of dioe.strus cycles fall within 14 
to 19 days, but this varies in different seasons. Webster (1937) found 
amongst ewes from New Zealand Romney flocks that 95 jier cent of 
cycles fell within this range. Assuming, after McKenzie and Terrill 
(1937), that this restricted range can l)e regarded as ‘normal.’ 7.3 per 
cent of cycles, being outside this range, may be classified as ‘abnormal.’ 
The following are the percentages of ‘abnormal’ cycles for each age-grouj): 
2-tooth, 8.3; 4-tooth, 4.0; 6-tooth, 8.0; full mouth and 5 ^-year-old, 7.6; 
and 6^-year-old and over, 8.9. McKenzie and Terrill ( 1937) fininrl the 
incidence of ‘abnormal’ cycles in various breeds to be 9.6 i)er cent (see also 
Kelley 1937). 

McKenzie and Terrill (1937) believe that cycles shtirter than normal 
may result from an early regression of the corpus luteuoK and those re- 
curring after an interval of 3 to 6 and 19 to 23 days might be due to 
the failure of ovulation and subsequent luteinization. \'ery long cycles 



1"k:. 2. — Frequency distribution per cent of the length of oes»tru^ cycle. 
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may be caused by death of the embryo, undetected oestrus or ovulation 
without oestrus, the latter giving rise to silent heat or weak oestrus, and 
its length is the sum of two, three or more normal cycles. Silent heat 
is rather prevalent in Merino (Quinlan et al. 1941, and Kelley and Shaw 
1 943 ) ; in the present data, it does not appear to exceed two per cent. 

Repeatability of Occurrence of the First Oestrus 
The repeatability of the first oestrus period within the tupping season 
was measured by correlation technique and the relevant results are given 
in Table V. Although there were some ewes coming on heat relatively 
early or late on two or more occasions, the ewes, except in the case of 
four- tooth versus six- tooth, have not shown any consistency which could 
be regarded as statistically significant. These results seem to indicate 
that, at least in the present material, factors other than the heredity 
make-up of the individual ewes exert the greater influence on the date of 
the first oestrus within each tupping season. The present findings, how- 
ever, should be regarded as merely exploratory. The only conclusion that 
can be put forward with any confidence is that culling ewes for late lamb- 
ing on the evicjence of one or two seasons should be discouraged. 

rATUE V. KePEATAUIMTY OF THE OCCUKRENCE OF THE ImRST ( iFSTRrs IN THE 

'1 rppiNG Season in Kwes, as Mkascred hv ('okffktknts of ('oRRi r Ajrov 
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Mating of Rams by Hand-service 

Although hand-service is probably of considerable importance in 
breeding stud sheep, there has been little, if any, study of the utilization 
of rams mated by hand-service under ordinary stud-farm conditions. The 
material here presented touches some of these matters and is based on 
the records of five rams which were hand-served in Stud B. 
dumber of Ewes per Ram 

As hand-service is mainly employed as a means for increasing the 
number of progeny by a given sire, it follows, all other things being equal, 
that the minimum number of ewes given to a ram for hand-service would 
be at least equal to the maximum number of ewes put to a ram in ordinary 
paddock mating. This, as shown in Part TI (Goot 1946b), is about 7S 
ewes per ram. The greatest number of ewes hand-served by one ram 
was about 180 (Table VI), the average being 144. The above figures are 
probably indicatory only, for much depends on the season, fertility, vigour, 
and age of individual rams, as well as on the stud master’s breeding policy 
and skill. It appears, therefore, that in comparison with the paddock 
mating, the hand-service method can at least double or treble the number 
of ewes put to a ram. 
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I Aiu.h VI. Utilization ok Hams during Hand-service Season 
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Some further information on the day-to-day activities of hand-served 
rams is also <^iven in Table \ l. The tupping season for the five rams 
la.sted from 51 to 68 days, with an average of 55.4 days. However, 
.services were not performed on every day: the actual ‘w'orking' days 
ranged from 59 to 57. with an average of 44.8 ‘working’ days per season. 
.Similarly, da\'s on which no service was j)erformed, becau.se there were 
no ewes on heat, ranged from 9 to 15, with an average of 10.6 days per 
sea.son. or, in other words, the rest period ranged from 16 to 25 per cent, 
with an average of 19 |)er cent of idle days per sea.son. 

y umber of Tup pint's per day 

An example of day-to-day reproductive activities of a ram is given in 
Fig. 3. Similar grai>hs were obtained for all the other rams tabulated in 
Table VT, and although they are not strictly comparable, owing to differ- 
ences in the number of ewes served, number of tuppings j)er ewe, age, 
season, etc., their most common features are: (1) the irregular character 
of the curves, indicating that the more intensive periods of tupi)ing were 
interspaced with less inten.sive and/or rest periods: (2) the iieak periods 
during which the rams wx*re obliged to work more steadily and perform a 
maximum of from 9 to 18 services a day. 

On the whole, the intensive periods, except during the peak period, 
were of .short duration and well spaced. The average number of tuppings 
per day for all days ranged from 2.4 to 4.1 for individual rams, and for 
^working’ days from 3.5 to 5.2 with the mean values of 5.5 and 4.5 
services per day and per ‘working’ day respectively. In view of the 
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character of the curves the average is of little value. A truer perspective 
of the activities of a ram may be gained by recalculating the original figures 
on the basis of the number of days on which the rams performed services 
varying in number from 0 to 18. The.se data are summarized in Table \'1I 
and an example is given in Fig. 3b. It will be observed that a fair propor- 
tion of days is spent either idly or with one. two or three services per day. 
In fact, between half and three-cpiarters of all the days are spent in that 
way. On the other hand there were day.s during which a ram was used 
very intensively. As far as the writer is aware, there is little information 
available on the effect of the fertility of the ram of varying numbers of 
services daily. It would seem, therefore, highly desirable that further 
inve.stigations be made in this direction. 




I-'k.. 3a. — XunilxT (»l luppin^s per day diirim* tin* 1940 tupping stasmi . 

rani 1/38 mated In hand-servii'c to 178 ewes ( .Sei* Table \'l.i 
Im(.. 3h. — I're(|iK*no disirdnition per cent nt tllpl)m^>^ P>r the same ram 
in the same season (.See Table VI 1 ) 

Xianhcr oj Tn[)pin^s per Eur 

Material available from .Stud B on the average number of t tippings 
l)er ewe is summarized in Table VIII. Owing to the nature of the 
data the following reservations should be kept in mind: — 

(a) One or more services per heat period were counted as one tupping: 
(b) it was not always jKLssible to separate all the ewes allotted to each 
ram, a few ‘returning' ewes being mated with other rams: (c) the word 
‘.settle’ does not neces.sarily mean that the ewe conceived. A ewe is con- 
sidered ‘settled’ w^hen she has not returned to the ram, or the ram has been 
withdrawn at the end of the tupping season. 

The average number of tuppings per ewe, based on eight records of 
.seven hand-served sires was 1.3. 

The average number of tuppings per ewe calculated according to 
age of ewes ranged from 1.0 to 1.9. The differences between these age- 
group averages were statistically not significant. 

Table VIII tabulates also the number of ewes served once, twice, and 
three times during the breeding season. Of the total of 1,009 ewes. 227 
or 22. S per cent were served twice and 26 or 2.6 per cent three times. 
Out of the 227 returning for the second time, 26, or 11.5 per cent, returned 
for the third time. In other words, 782 ewes, or 77.5 per cent, were settled 
after the first service and 201 or 88.5 per cent after the second. 

Quinlan and Mare (1931) calculated the following percentages of 
South African Merinos fertilized in successive hand-services: first service, 
50.2; second, 37.4; third, 48.9: fourth, 23.5: and fifth, 16.7. Roux and 
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Rensburg (1935) found abnormally large percentages of South African 
Merino ewes not ‘settled’ at the first service; viz., 32.1 per cent with two 
Border-Leicester rams; 37.9 per cent with two Ryeland rams; 70.6 per 
cent with two Southdown ranis; and 12 per cent with one Merino rani. 
Kardymovich (1932) stated that 74 per cent of the Voloshian ewes were 
fertilized after the first mating. 

The above figures (with the possible exception of the latter) refer to 
hand-service. Kelley (1937) found that ‘paddock-mating’ was significantly 
better than ‘hand-service.’ 

No similar data, as far as the writer is aware, have been published in 
this country for Romney Marsh sheep, and therefore it is not possible to 
jsay how representative are the figures here presented. Further studies on 
the tupping season and factors affecting it, would seem desirable. 

The lambing season will be discussed in a subsequent paper. 

Acknowledgments 

¥or their critical reading of the manuscript and for their many help- 
ful suggestioris. the writers sincere thanks are due to I’rofessor G. S. 
Peren, Mr K, A, Clarke, Mr W. ]\1. Webster and Mr A. L. Rae. 

Thanks are due also to Miss B. S. Bowden for assistance in the prepara- 
tion of this paper. 


References 

l?Ki(.(.s H. .M„ Daki.ow a K., Hawkins L. K., Wili.ham O. S,aml Hansik 
K. K. (1942): Okla. Aqr, lixpt, Sta, Bull. 253. (Abstract in Auim. 
Breed, Absi., 11, 104.) 

BrcHANAN R. (1945) : Private cninniunication. 

Dry F. W. (1933) : .V.Z. J. A(/r., 47, 386-7. 

l^i.i'Ai ji'VsK j| ]) (>9,34) : ()vee7'ods1vo, \o 7, 32-4 Xbstraci in \ii\m 
Breed. Ab.^tr. 2, 323.) 

(;iu. 1). A, (1933) : .V.Z. J. Anr., 47, ,305-7. 

Goot H. (1946a) : A.Z. J. .SVi. and Tceh., 2S (See A), 80-2. 

(194()1)) : N.Z. J. Set. and Tech., 28 (See. A), 8,3-93. 

CjKANt R. (1934): Trans. Hoy. Soe. Edin., 58, 1-15. (.Abstract in Anlm 
Breed. Abstr., 2, 117.) 

Hammom) j., Jr. (1944) : J. Af/r. Sei., 34, 97-105. 

Kardymovich M. K. (19,32), Erobl. Zivoin. \o. 5/6, 91-4. (.Ab.stract in 
Aniin. Breed. Abstr., 1, 104.) 

Kelley R. 13. (1937) : Aust. Conn. Sci and fnd. Hes. Bull, 1 12 

and .Shaw 11. H. P>. (1943): Ansi. Conn. Sei. and hid. Hes. Bull. 

l66. 

Kirillov X'. (19,38): Erobl. sivotn. \o. 8/9, ,39-43. (.Abstracts in .hiiin. 
Breed Abstr., 8, 50.) 

McKenzie F. F. and Peiillips R. W. ( 1931) :Proe. Ainer. Soe. Aniin. Prod. 
23rd Ann. Meet., 138-43. 

and Terrill C. E. (1937) : Mo. A(/r. Exp. Sta. Res. Bull. 264. 

Milowanom V. (1932): quoted by McKenzie and Terrill (1937). 
'Qcinlan j. and Mare G. S. (1931) : 17th Rep. Dir. Fet. Serr. and Aniw, 
Union S.A., 663-701. 

, Stkyn H. P. and De Vos D. (1941): Onderstepoort J. Vet. Sci., 

16, 24,3-4)2. 

Roux L. L. and Rensburg C. T. (1935) : Onderstepoort J, Fet. Sei., 5, ,309. 

(19,36) : Onderstepoort J. Fet. Sei. 6, 467-717. 

Schott R. (i., Phillips R. W., and Spencer D. A. (19,39) : Proe. diner. 

Soc. Aniin. Prod., 32nd Ann. Meetiny, 347-5,3. 

Walker D. K. (1943) : Unpublished M. Agr. Sc. Tbe.sis, Univer.sity of 
New Zealand. 

"Web.ster, W. M. (1937) : Proe. Annual Meet. Sheep Fanners, Massev Agr. 
College, Palmerston North, 49-55. 



1949) 


Index 


945 


INDEX 

VOLUME m, SECTION A 

PAGE 


Adams, A. F. H.* Copper Deficiency of Onions C.rown on I’eat. f. ... 105 

Aerial Distril)nt«»n Trials with Su|xjrphosphate and Seed Mixtures, preliminary 65 

Allan, J. K. and Moir, (1. M. (see Moir, (i. M.l 

Ammonia and Nitrate Nitrogen Content of a Nelson Tomato Soil, the effect of 

Steam and Chloropicrin Treatment on the ... ... ... 193 

.\mmonia, the, and Nitrate Content of (ilasshouse Tonuito Soil under different 

Treatments ... ... ... ... ... ... ... 187 

A Note on Heterosis ill a Tn tic mu vut gave ... ... ... ... 23 

Apple-mosaic in New' Zealand ... ... ... ... ... ... 1 

Apples, Dehydrated, Sulphur Dioxide and Storage Life of ... ... ... 88 

Apples, (iranny Smith, the Effect of Rootstocks and Intermediate Scion 

Varieties on the Cool Storage Jfi.sorder, Core-flush, in ... ... ... 271 

.Askew, H. ()., Hhck, \< T. J . ('urrie, K K , and Watson, J.. h'urther Investi- 
gations on the Nutrient Status of Flue-cured Tobacco... ... ... 129 

.\ I est of the Combing Performance of Word Shipped after Scouring ... 17(1 

.Atkinson, J. D and Chamberlain, K 1C.; Apple-ino^iic in New Zealand ... 1 

( Atiagcuus sn.), a Pest in .some New Zealand Woollen Mills, Te'^t** with D.D T. 

and (lamme.xane on the Larvae of a Derniestid Ik^etle ... ... 100 

li(h ilht^ uicscutcru'U'^ .\n \ssay Organism for J*ene*illm ... ... 43 

Bacterial Pojnilations, Note on the Kstiniation of ... .. 81 

Badev. R W and Moir, (1 M. (see .Moir. (*» .M ) 

Bariev \'arieties m New Zealaml, (' la ssi heat ion of ... . . ... 305 

Beans, ('ontrol of Halo-blight m . . . . . . ... ... 45 

Bee Loads. Pollen in Honev an<l ... .. ... ... . . 178 

Ikiiitonite Sulphur, D.D'l' and Ifen/ene Hexachloride, Sheep Dipping I tials 

w'lth Derris, ... , . ... . . .. ... . . 292 

Jfenz'MU* Hexachhinde, Sheep Dipping 'Prials with Derns, Bentonite Sulphur, 

1) D T and ... ... ... ... . . ... ... 292 

Blaklex , l< L and ('oop, 1 IC (see Coop, I K.) 

Bhck, K. T. I , Askew, H () , cf a! (see .\skew‘, II O ) 

Ifoyce, S AN . .\n Inhented Straw Weakness m Wlieat ... . . 78 

Boyce, S W \ Note on HetenMis m a Tntr ttui vu/^dir . . .. 23 

Boyce, S W Preliminary Study of the Inhentance of (.lam Weight m Wheat 13 
Brassicas, Liglit-leaf-spot of ... .. ... . . ... . . S3 

Cain])l>ell, 1> \ Preliiinnary Aerial I )istnlaition I rials with Siipei phosphate 

ami Seed Mixtures ... . ... ... . (S.S 

Cattle 'I'w ms, Mono/\gotie, Studies m 1 ... ... . . 257 

<V(Klom\id Midges on Meadow Foxtail and ('(X'ksfool in New' Zeedand ... 9 

(‘haniberlam, 1C 1C and .Atkinson, J. J), (see \tkmson, J D ) 

('hemical ('ontrol of ()\vrauu'> tcrviuatu', Wixlkvr . IV .. 200 

('hkH'opicrin, Effect of Steam and, Treatment on the Anniionia .inrl Nitrate 

Nitrogen Content of a Nelson Tomato Sod ... ... ... ... 193 

Clas.silication of Barley Varieties m New' Zealand ... 3(’5 

('obalt. Copper and Iron m the Livenn Relation toC'oball Deficiencx Ailment.. 2('i 

Cobalt Deficiency Ailment, Cobalt, C'opper and Iron m the Liver in Relation to 2(s 

Cobalt in Pasture.s and Animal 'I'issues, Speetrophotometric Determination ot ... 109 

Cot'k.sfoot in Now Zealand, ('ecidomyid Midges on Meadow Foxtail and ... 9 

('ombing iVrformance of Wool Shipped after St'ouring, a Vest of the 170 

Control of Halo-blight in ifeans ... ... ... ... ... 

Cool Storage Disorder, ('ore-flu.sh, in (irann\ Smith Apples, the fCffect of Root- 

stwks and Intennediate Scion Varieties on the ... ... ... 271 

Coop, 1. E. and Blakley, R. L : The Metalxdism and 'J'oxicitN of Cyanide** and 

Cyanogenetic (Mueosides in Sheep, 1. ... ... ... ... 277 

Coop. 1. E. and McLeod, (1 B.: Sheep Dipping Trials with Derns, Bentoniti' 

Sulphur, D.D.T., and Benzene Hexachloride ... ... ... 292 

Copper and Iron in the Liver in Relation to Cobalt Deficiency Ailment, Cobalt 26 
Copper Deficiency of Onions drown on Peat 1. ... ... ... 105 

Core-flush, the Cool Storage Disorder in Granny Smith Apples, the Effect of 

Rootstocks and Intermediate Scion Varieties on ... ... 271 

Comes, J. J. S.: Fertilizer by Fusion of Rock Pho.sphate with (Greensand and 

Dolomite ... ... ... ... ... ... ••• 2.50 



346 


The N.Z, Journal of Sciencf. and Technology (Apr. 


PAGE 


Cottier, W. and Jacks, H. (sec Jacks, H.) 

Curd for Pijt»-feeding Biochemical Investigations, Storage of ... ... 

Currie, K. K , Askew, H. ()., et ai. (see Askew, H O ) 

Cyanides and Cyanogenetic Cllucosides in Slice]) 1. 'Fhe Metabolism and 

Toxicity of ... ... ... ... ... ... ... 277 

Cyanogenetic (ilucosides, and Cvanide.s, in Sheep. 1. The Metabolism and 

Toxicit) of ... ... ... ... ... ... ... 277 

D l> T , and Benzene Hexachloride. Shoe]) Dipping Tnals with Derns, Bentonite 

Sulphur, ... ... ... ... ... ... ... 29? 

D D T., and (knninexane on tlie !.arvae of a DerinesHd Bt»etJe ( Atitiefuu'i sp.), 

a Best in some \ew Zealand Woollen Mills, 'I'ests with ... ... 100 

Dehydrated \p])les. Sulphur Dioxute and Storage life of ... .. ... 88 

Dermestid Beetle ( -Itta^euu^ .sj).), a Best in some New Zealand Woollen .Mills, 

'I'ests >\ith D D.'r and Ciammexane on the Larvae of a ... ... lOtt 

Dei ns, Ikuilonite Sulphur, D D I' , and BtMizene H<‘\achloride, Sheep Dip]ung 

'I nals with ... ... ... ... ... ... 292 

Dolonnte, b'eMilizer bv Fusion ol Boek Phosphate with (iieensand and ... 2S0 

Dumbleton, I. | , Kelsey. ( M , and Ho\ , I M * ('hemical Control of OrvtanK^ 

icrvniMus Walker IV ... ... ... ... ... ... 200 

Kczema, Facial, the Season ol tlu\ Outbreak. .Note on Mortalit\ and F'ertilitv in 

a New Zealand Koinney Marsh Stud-flock 111 1988 - ... ... ... 329 

I'.flec't ot RootjStocks and Intermediate Scion Vniietu‘s on the Cool Storage 

Disoidei, Core flush, in (lianiiv Smith \p])les ... . . ... 271 

Kffect of Sheep Droppings on N leld. Botanical f'oin|>osit ion and Cheiincal 

('oni])osii ion of Pasture II .. ... ... ... ... 231 

Kftect of Steam and Chlorojucnn Treatment on the Vmmonia ami Nitrate 

Nitrogen ('ontent ol a Nelson I omato Sod . ... ... . . 193 

Facia! Kczema Outbreak. Note on .Mortality ami Feitility in a New Zealand 

Bomney Marsh Stud-flock in 1938- -tlie Season of the . . ... 329 

I'ertihty, Note on Mortalitv and. in a New Zealand Bomney Marsli Stud -flock 

in 1938 the Season of till' I'acial Kezema Outbreak ... ... ... 329 

Fertilizer by Fiusion of Bock Phoj pliate with (iriH'iisand and Dolomite ... 2Sb 

Filnier, D. W. and Harris. W F. (see Harris, W. 

Fhic-cured 'rohacco, h'urther Investigations on the Nutnent Status of ... 129 

Foxtail, Meadow, and (k)cksf(K)t in New Zealand, ('eciflonuid Midges on . . 9 

Further Investigations on the Nutrient Status of Idiie-c ured 'I'oliacco ... 129 

(iammoxaiie on the Larvae of a Dernie.sfid Beetle {Atta^enus ^p ), a Pest in 

sonic New Zealand Woollen Mills, Tests with D 1 and 109 

(llas.shouse 'Fomato Soil under Diflerent 'I'nvitments, the Ammonia and Nitrate 

Content of ... ... ... ... ... ... ... 187 

(ilucosides, Cvanogeiietic, and CvanuF's in Sheeji 1 'Fhe Metabolism and 

Toxicitv of ... ... ... ... ... ... ... 277 

Cloodall, V. 'C. and Sears, P. D. (stje Sears, P. D.) 

(ioot, H : A Note on Mortality and Fertility in a New Zealand Bomney Maish 

Stud-flock in I93S- the Season of the Facial Eczema Outbreak ... 329 

(ioot, H.: Stiidie.s of some New Zealand Komimy Marsh Stud-flocks ... 330 

(irain Weight in Wheat, Preliminary Study of the Inheritance of ... ... 13 

Granny Smith Apples, the Kffect of Bootstocks and Intermediate Scion X'arieties 

on the Cool Storage Disorder, Core-flush, in ... ... ... ... 271 

(*reensan(l and Dolomite, Fertilizer by Fusion of Bock Phosphate with ... 250 

Halo -blight in ISeans, Control of ... ... ... ... ... 45 

Hancock,}.: Studies in MonozA’^gotic ('attle Twins. 1. ... ... ... 257 

Harris, W. F. and Filmer, D. W"; Pollen in Honey and Bee Loads ... 178 

Harrison, B. A.: Tests with D.D.'F. and (iammexane on the Larvae of a Der- 

inestid Beetle ( Attagenus .sp.), a Pe.st in Some New Zealand Woollen Mills ... 100 

Heterosis in a Cro.ss, a Note on ... ... ... ... 23 

Honey and Bee Loads, Pollen in ... ... ... ... ... 178 

Hoy J. M. and Dumbleton L. J. (see Dumbleton L. J.) 

Hutchinson. P. B.. Note on the Estimation of Bacterial Populations ... 81 

Inheritance of Grain Weight in Wheat, Preliminary Study of the ... ... 13 

Inherited Straw Weakness in Wheat, an ... ... ... ... 78 



1949) 


Index 


347 


Intermediate Scion \'arieties and Rootstocks, the Kffect of, on the Cool Storage 

Disorder, Core-flush, m (iranny Smith Apples ... ... ... 271 

Iron in the Liver in Relation to Cobalt Deficiency Ailment, ('obalt, Oipper and 2(> 

Jacks, H. and Cottier, W.: Cex:idomyid Midges on Meadow Foxtail and Ccx ks- 
foot in New Zealand ... ... ... ... ... ... 

Jacks, H : Soil Disinfection. VJI. ... ... ... ... ... IIS 

Jacks, H.: Soil JMsin feet ion. Vlll. ... ... ... ... ... IIK 

Jacks, H.: Soil Disinfection. IX. ... ... ... ... ... Ti.'i 

Kelsey, J. M. and Dumbleton, L. J. (.see Dumbloton T. J ) 

Kidson, F. S. and Stanton, D. J.: The Ammonia and Nitrate (‘ontent of (ilass- 

hoiise 'I'omato Soil under Different Treatments ... ... ... 1S7 

Kidson, F B.* 'rhe Effect of Steam and Chloropicrin 'rreatment on the 

Ammonia and Nitrate Nitrogen Content of a Nelson Tomato Soil ... 19I< 

Light-leaf -spot of Brassicas ... ... ... ... ... ... S.'l 

I.andreth, 'P F , Peryman, R and McMahon, J*. iC (see Peryman, R. 


McLeod, (i. B. and Coop, 1 F'. (.see ('oop, 1. E.) 

McNaught, K J.: Cobalt, Copper and Iron in the Liver in Relation to ( obalt 

Deficiency Ailment ... ... ... ... ... ... 2f> 

McMahon, P. R , Peryman, R. and T-andreth, T. R (see Peryman, R V ) 
McNaught, K, J : Spectropholometric Determination of Cobalt in Pastures 

ami .\nimal 'I'l.ssues ... ... ... ... ... ... 1<19 

Malcolm, J P- Classification of Iiarle> Varieties in .New Zealaiul ... ... 305 

Mangan, j L: Sulphur Dioxide and Storage Life of Dehydrated \pples ... 88 

Meadow Foxtail and Cocksfoot in New Zealand, ('ecidomyid Midges on ... 9 

Metabolism and'roxicitN of Cyanides and Cyanogeiietic (iluc ovules in Sle*ep I 277 
Moir, (1 M , Bailey, R \\ . and \llan, J. K . Storage of C'urd for Pig-feeding - 

Biochemical lnve.sti gat ions ... ... ... ... ... 208 

.Monozygotic Cattle 'Pwins 1 Studies in ... ... ... ... 257 

Mortaht> and Fertility in a New Zealand Romney Marsh Stud floi.k m 1938 — 

the Season of the Facial Eczema Outbreak Note on ... ... 329 

Neilson, R 1... iiattHu'- mv^entfncu< .\n Assjiv < )rganism lor Peiiecillin ... 43 

NeLsim Tomato .Soil, the F!ffe('t of St€*am and Chloropir nn rreatment on the 

.\minoiiia and Nitrate Nitrogen ('ontent of a ... ... ... 193 

New Zealand Romney xMansh Stud-flock in 1938 -the Season of the Facial 

K( zema ( )ntbreak. Note on Mortality and I'ertility in a ... ... 329 

New Zealand Romney Marsh Stud-flocks. 111. Studies of some ... ... 339 

New Zealand Woollen Mills, Tests with 1>.D.T and (iammexane on the I.arvae 

of a Dermestid Beetle ( sp ), a Pest in some ... ... 191* 

Nitrate Content of ('da sshou.se Tomato Soil under Diflereiit 'rreatmeiits, the 

Ammonia and ... ... ... ... . ... ... 187 

Nitrate Nitrogen ( onteiit of a Nelson Tomato Soil, the ICitect of Steam and 

( hloropicriii Treatment on the Ammonia and ... ... 194 

Note on Mortality and Fertility in a New Zealand Romnc> Marsh Stud -flock in 

1938 the Si'ason of the Facial Eczema Outbreak ... ... ... 329 

Note on the Estimation of Bacterial Populations ... ... ... 81 

Onions (irown on Peat. I. Copper Deficiency of ... ... ... 

Walker. IV. Chemical Control of ... ... ... 

l*adfield, C. .V. S.* The Effect of Root.stoi'ks and Inlernu'diale Scion Varieties 

on the ('ool Storage Disorder, Core-flush, in (iranny Smith Apples ... 27 [ 

Peat 1. Copper Deficiency of Onions (irown on ... ... ... 

Penicillin, liaciUus wesentericus : An Assay Organism for ... ... 43 

Peryman, K. V., Landreth, T. J"., and McMaiion, I*. K : A 'l est of the Combing 
Performance of Wool Shipped after Scouring ... ..• ••• 

Phosphate, Rock, with Oreensand and Dolomite, Fertihzer by Fusion of ... 259 

I’oJlen in Honey and Bee Loads ... ... ... ... •• 178 

Preliminary Aerial Distribution Trials with Superphosphate and Seed Mixtures 85 

PreUminar>' Study oj(the Inheritance of (^rain Weight in Wheat ... ... 13 

Reid, W. D.: Control of Halo-blight in Beans ... ... ... 4.5 

Reid, VV, D.: Tomato-speck of Tomato ... ... ... ••• 



348 The N,Z. Journal of Science and Technology (Apr. 

PAGE 

Romnev Marsh Stud-flock, New Zealand, in 1938- -the Season of the Facial 

Eczema Outbreak. Note on Mortality and Fertility in a ... ... 329 

Romney Marsh Stud-flocks. III. Studies of .sfmie ... ... ... 330 

Rootstocks and Intermediate Scion Varieties, the Effect of, on the Cool Storage 

Disorder, Core-flush, in (Iranny Smith Apples ... ... ... 271 

Scouring, a Test of the Combing Performance of Wool Shipjied after ... 170 

Sears, P. 1). and Goodall, V. C.: 'Phe Effect of Sheep Droppings on Yield, 

I^tanical Composition and Chemical r.omposition of Pasture 11. ... 231 

Seed Mixture, Preliminary Aerial Distribution Trials with Superphosphate and 05 
Sheep Dipping Trials with Derris, Bentonite Sulphur, D.D.T,, and Benzene 

Hexachloridc ... ... ... ... ... ... ... 292 

Sheep Droppings, the Effect of, on V'ield, Botanical Comix^sition and (Tiemical 

Composition of Pasture. II. ... ... ... ... ... 231 

Sheep (see Goot, H.) 

Sheep, the Metabo]i.sm and Toxicity of Cyanides and Cvanogenetic Cilucosides in 277 
Smith, H.C.: hight-leaf-.spot of Bra,s.«icas ... ... ... ... 83 

Soil Disinfection. VIT. ... ... ... ... ... ... 115 

Soil Disinfection. Vlll. ... ... ... ... ... ... 118 

Soil Disinfection . IX. ... ... ... ... ... ... 123 

Spcctrophotometric Determination of Col>alt in Pastures and Animal 'Pissues ... p)9 

Stanton, D. J. and Kidson, E. B. (see Kidson, E. B.) 

Steam and Cldoropicrin Treatment on the Ammonia and Nitrsite Nitrogen Con- 
tent of a, Nelson Tomato Soil, the Effect of ... ... ... ... 193 

Storage of Cnrd for Pig-feetling — Biochemical Investigations ... ... 2f>8 

Storage Life of Dehydrated Apple.s, Sulphur Dioxide and ... ... ... 88 

Straw Weakness in Wheat, an Inherited ... ... ... ... 78 

Studies in Monozygotic Cattle Twins. 1. ... ... ... ... 257 

Studies of some New Zealand Romney Marsh Stud-flocks 111. ... 331* 

Sulphur Dioxide and Storage T .ife of Dehydrated Apples ... ... ... SS 

Superphosphate and Seed Mixtures, Preliminary Aerial Distril)ut?on 'P rials with <>5 

Tests wdtl) D.D.T. and Gammexane on the T.arvae of a Dennestid Bt'ctle 

(AHagemts sp,), a Pest in some New* Zealand Woollen Mills ... ... lOb 

'J'obacco, Flue-cured, further Investigations on the Nutrient Status of ... 129 

Tomato Soil, a Nelson, the Effect of Steam and Chloropicrin 3'reatment on I he 

Ammonia and Nitrate Nitrogen Content of ... ... ... ... 193 

Tomato Soil, Glasshouse, under Different Treatments, the .\mmonia and Nitrate 

Content of ... ... ... ... ... . . ... 187 

Tomato-speck of Tomato ... ... ... ... ... ... S 

TWriewm vw/gare Cross, a Note on Heterosis in a ... ... .. ... 23 

Watson, J., Askew, H. ()., et al. (st»e Askew, H. O.) 

Wheat, Preliminary Study of the Inheritance of (irain Weight of ... ... 13 

Wheat (see Eloyce, S, W.) 

Woollen Mills, Tests with D.D.T. and (iammexane on the l.arvae of a Dcrmestiil 

Beetle (Attagenus sp.l, a Pest in some New Zealand ... ... ... 109 

Wool Shipped after Scouring, a Test of the Combing Performance of ^ ... 170 





X.A.R.I. 75 


INDIAN AGRICULTURAL RESEARCH 
institute UBRARYi new DELHI. 







